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ABSTRACT
Poland, Sara S., M.S., Spring, 1982 Geology
Geochemistry, Geochronology, and Origin of the Wabigoon 
Volcanic Belt , Northwestern Ontario
Director: Donald W. Hyndman A l0 3 i
The Wabigoon Subprovince is an Archean greenstone-granite terrain
within the Superior Province. The study area is 200 square km lying be­
tween Lake-of-the-Woods to the west and Wabigoon Lake to the east 
(Canadian Highways 812 and 71). The area consists of three volcano- 
sedimentary complexes lying unconformably on massive to pillowed flood 
basalts. These volcanic rocks are metamorphosed to the b iot i te  zone 
of the greenschist facies and infolded into large synforms between 
large, synorogenic, tonal i t ic  to trondjhemitic batholiths. The volca­
nic rocks range in composition from low-K tholeli tes to calc-alkaline  
basalts, intermediate-to-felsic pyroclastic rocks, and intercalated 
immature volcanoclastic sediments. Intrusive rocks of the area are 
Archean ultramafic-to-mafic s i l l s ,  synorogenic batholiths, postoroge- 
nic high-K granites, and mafic syenites. The entire region is cross­
cut by Proterozoic dikes of basalt and diabase.
Geochemical data suggest that two types of basalts occur within the 
area. The basalts vary in composition with stratigraphie height in 
the volcanic sequence. Two sampling traverses were made north-south 
across the study acrea. The Kenora-Fort Frances traverse basalts are 
primarily low-K thole l i tes;  whereas, the Dryden-Fort Frances basalts 
are calc-alkaline thole l i tes .  This compositional difference may 
represent different erosional levels within the same flow or two 
distinct flows from an evolving magma system. Trace-element discrimi­
nation diagrams suggest an ocean-floor tectonic setting for basalt 
formation, as a modern tectonic analog.
Nd/Sm and common-Pb isotopic studies date the extrusion of the 
basalts. Both geochronological techniques agree within experimental 
error. Volcanism, volcanoclastic sedimentation, batholithic emplace­
ment (with accompanying metamorphism and deformation), and late,  
postorogenic pluton intrusion spanned only 100 m.y.
The proposed model for the formation of the Wabigoon belt is: extrusion 
of subaqueous flood basalts onto a s ia l ic  gneissic crust within a 
' r i f t - ty p e '  environment. Closure of the r i f t  in i t ia t ion  of subduction 
would produce a calc-alkaline basalt-clacite-rhyolite sequence. Heat 
from ascending basaltic magmas would part ia l ly  melt the lower crust, 
forming 'granit ic '  magmas. The magmas would rise diapir ica l ly  and 
infold the volcanic pile into synformal troughs between them.
Diapiric batholith emplacement would increase the metamorphic grade 
and create a down-dip mineral lineation in the country rocks. Erosion 
of the uplifted rocks would produce immature, mafic-to-intermediate, 
volcano-clastic sediments. Most of the sediments would be deposited 
rapidly by turbidity currents into the intervening structural basins.
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CHAPTER 1 
INTRODUCTION
Archean cores of the Precambrian shields have been studied 
extensively during the past decade. Advances in the study of 
terrestr ia l  and lunar plate tectonics as well as geochemical ana­
lyses of the Apollo lunar samples widened our understanding of the 
f i r s t  two b i l l ion  years of Earth history. These studies 
established a new framework in which to reevaluate the models for 
the early development of the crust. The present study adds new 
geochemical and geochronological data for a portion of the 
Wabigoon volcanic belt ,  northwestern Ontario. This belt is a 2.7 
to 2.8 AE greenstone-granite terrain within the Superior Province 
of the Canadian Shield. The data is evaluated in comparison to 
existing crustal evolutionary models.
Two north-south sampling traverses were made across the 
Wabigoon volcanic belt .  127 samples of all rock types were ana­
lyzed for 46 elements using instrumental neutron activation analy­
sis, atomic absorption, and x-ray fluorescence techniques. Major- 
and trace-element analyses were used in elemental discrimination 
diagrams. These diagrams indicate an ocean-floor setting for 
basalt formation. The basaltic samples collected also show 2 chem­
ical ly  distinct series: low-K tholei i tes and calc-alkaline
basalts.
Six basaltic samples were chosen for Nd/Sm + common-Pb isotop­
ic studies. An average age 2.63 _+ 0.08 AE was determined from 
both geochronologic methods. The 2 basalt series, determined
1
chemically, also separate in the geochronol ogic analyses. The low-K 
th o le i i t ic  series appears to be older than the calc-alkaline
series, but these ages fa ll  within the error limits and an average 
'composite' isochron was used for both series.
Each series correlates to strati graphic height within the 
volcanic sequence. The low-K tholeiites are lowest within the
sequence; whereas, the calc-alkaline basalts are higher and are 
genetically related to the intermediate and felsic volcanic rocks.
Greenstone-granite terrains, consisting of intercalated u ltra -  
mafic to felsic volcanic rocks and associated volcanoclastic sedi­
ments, form an integral part of the Archean shields. Volcanic
rocks make up over half of the Archean geologic record (Pettijohn, 
1972). They occur in distinct ultramafic-to-felsic sequences, now 
arranged in linear patterns throughout Archean shield areas. 
These terrains are large, l inear,  volcano-sedimentary troughs 
which have been intruded by large diapiric masses of granitic 
rock.
Numerous conflicting models for the formation of greenstone- 
granite terrains have been proposed. The models are quite
diverse: ranging from lunar maria equivalents to analogs of modern 
plate-tectonic environments. Most of these models do not incor­
porate all pertinent characteristics of the terrains; fa i l ing  to 
integrate f ie ld  relations, rock types, and structural and stra­
t i  graphic symmetry. All these characteristics must be combined in 
order to evaluate existing evolutionary models or formulate new ones.
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The most favorable model is extrusion of massive low-K tho- 
l e i l t l c  basalts onto a s ia l ic  'crust' within a r i f t  environment. 
Closure of the r i f t  system and development of an arc-envlronment 
would produce subductlon-lnltlated calc-alkaline basalts. 
Contamination of the calc-alkaline basaltic magma with s ia l ic  
crustal material would generate the Intermediate-to-felsic volcan­
ic rocks. Exposure of this volcanic pile: low-K th o le l l t ic
basalts and calc-alkaline basalt -andlslte-rhyolIte sequence would 
produce the Intercalated volcaniclastic sedimentary rocks asso­
ciated with the uppermost portions of the greenstone-granite 
terrain .
Heat from the rising basaltic magmas would part ia l ly  melt the 
lower portions of the crust would yield calc-alkaline ton a l I t lc -  
trondjhemltlc melts. The melts would coalesce and rise d ia p ir i ­
ca l ly ,  Intruding the overlying volcanic and sedimentary rocks. 
These synorogenic batholiths would locally Increase the meta­
morphic grade and Impact a down-dip mineral lineation to the 
country rocks.
The Archean Is thought to be a unique time In Earth history. 
No recognizable stable cratonic masses existed, higher thermal 
regimes existed within the mantle allowing partial melting to 
occur at a higher structural level within the lower crust and 
upper mantle, the mantle was more homogeneous, and the chemistry 
of the oceans and atmosphere was probably quite dif ferent than dur­
ing later  Precambrian times. By Proterozoic time stable cratonic
masses had developed with plate tectonic-orogenic styles and 
sedimentation patterns similar to modern analogs (Condie, 1982). 
I t  is therefore important to analyse Archean systems in a d i f ­
ferent way.
CHAPTER 2 
WABIGOON VOLCANIC BELT
General Geology
The Wabigoon volcanic belt is a typical greenstone-granite terrain  
within the Superior Province of the Canadian Shield (Figure la ) .  The 
Province is characterized by alternating linear belts of high-grade, 
quartzofeldspathic paragneissic terrains and low-grade, greenstone- 
granite terrains. Both the high- and low-grade terrains have been 
massively intruded by granites. The Wabigoon belt l ies between the 
Quetico gneissic belt to the south and the English River belt to the 
North (Figure lb ) .  The Wabigoon belt ranges from 30 to 80 km in width 
and extends east-west along the Ontario-Minnesota border from Lake 
Nipigon to Lake-of-the-Woods, a distance of 300 km.
The f ie ld area is that portion of the Wabigoon belt within the 
Kenora-Rainy River d istr icts  bounded by latitudes 48°45'N 
and 49°46'N, and longitudes 92°35'W and 94°30'W. Rocks in 
the area consist of an Archean volcanic p i le ,  now greenstone, 
consisting of mafic to felsic flows and pyroclastic rocks with 
minor associated volcaniclastic rocks; and a metasedimentary 
sequence of slates, mica schists, quartzites, and conglomerates.
The entire Wabigoon volcanic belt is intruded by voluminous mafic 
to fe ls ic rocks of batholithic, stock, and si 11- l ik e  form.
The entire region has excellent exposure typical of most shield 
areas. Access to the f ie ld  area is by Canadian Highways 11, 17, 71, 
and 812, and by boat within the Kakagi Lake and Lake-of-the-Woods 
areas.
% V
Late Kriçh 
granites
0  Arcuate intrusive boundaries, foliated margins, injection
©M ajor  faults parallel the long axis of the greenstone belt .
©Major  folds synformal, general synclinal nature of the greenstone 
belt within the granitic material.
@Greenstone xenoliths parallel to the contact of the diapiric  
batholi ths.
©Complex, multiphase granitic terrain,  diapiric batholiths.
0  Concentric faulting around the la te ,  postorogenic plutons, sharp 
discordant contacts.
© L a t e ,  postorogenic K-rich granite plutons, often single-phase 
porphyritic, pink, single-mica granites.
Figure la: Idealized map of an Archean greens tone-grani te terrain 
(modified after Anhaeusser et a l . ,  1969).
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Figure lb: Generalized geologic map of the Superior Province 
of the Canadian Shield. Field area outlined within the 
Wabigoon Subprovince (modified after  Goodwin, 1978).
Field Units
A broad range of lithologies is present in the Archean part of the 
Canadian Shield, Goodwin (1978) has calculated the proportion of 
various rock-types for portions of the Superior Province (Table 1). 
Recent mapping by the Geologic Survey of Canada has defined a complex, 
continuous volcanic-sedimentary sequence in this area. The sequence 
is composed of Archean mafic-to-felsic metavolcanic rocks, associated 
vol canidastic  agglomerates and tu f fs ,  intrusive ultramafic-to-felsic  
Plutonic rocks, clastic metasedimentary rocks, and Proterozoic diaba- 
sic and basaltic dikes.
The oldest Keewatin mafic metavolcanic rocks, consisting of 
pillowed to massive flows, are the predominant volcanic rock type, 
amounting to 80% of the total volcanic rock exposed at the surface. 
Due to the massive nature of the flows with a total thickness e s t i ­
mated as 1000 to 5000 m and the low degree of recrystal 1 ization, the 
original volcanic flow textures are preserved. In all but two 
outcrops, the pillows are undeformed. Metamorphic changes in the 
basalts are noted by a pervasive green coloration and an increase in 
the percentage of secondary sulphides throughout the unit. Except 
close to an intrusive batholithic contact, the crystal size is 
aphanitic.
Pel sic-to-intermediate flows, agglomerates, tu f fs ,  and pyroclastic 
breccias make up the rest of the volcanic rocks in the area. Banding 
and stretched pumic fragments are remnant volcanic flow textures 
within the massive tu f f  units. These rocks are restricted to the 
central portions of the volcanic areas and in most cases
TABLE 1
% Rock Types in Archean Crust of Canadian Shield 
(modified after:  Goodwin, 1978, pg. 180)
Lithologie Unit
1. Metasedimentary
+
Metavolcanic rocks: 
Volcani clasti c 
complex
2. Ultramafic to
mafic intrusives
3. Injection migmatile
complexes
4. Banded gneiss,
high grade 
-amphibolite facies 
-granulite facies
5. Massi ve to siightly
foliated batholiths
Size of area (km^)
Geo-
Traverse
5.3
14.0
19.3
0,5
10.6
34.8
34.8
34.8
64,000
Western
Superior
4.8
11.5
16.3
1.2
9.5
35.6
32.3
3.3
37.6
Canadian 
Shield: 
Archean Crust
2.4
5.9
8.3
0.6
8.9
50.6
41.8
8.8
31.6
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strati  graphically overlie the mafic flows. In the Kakagi Lake area, 
the felsic tuffs and breccias are intruded by differentiated  
ultramafic-to-mafic s i l l s  and dikes.
Intimately associated with the metavolcanic rocks are volcani- 
clastic metasedimentary rocks. These rocks consist of a grey-green to 
brown slates, quartz-biotite schists, immature quartzites and conglom­
erates. Volumetrically, the metasedimentary rocks comprise less than 
5% of the total volcanic p i le .  Greenschist- to lower amphibolite- 
facies metamorphic mineral assemblages make up these rocks. Chlorite,  
b io t i te ,  almandine garnet, and feldspar are the major constituents. 
The immature texture and these mineral assemblages are indicative of 
rapid deposition from a volcanic source. Several outcrops have large 
scale (>lm) layering, distinguished by grain size and minéralogie d i f f ­
erences. These layers may be re l ic t  turbidity sequences.
Felsic-to-intermediate metavolcanic and metasedimentary rocks are 
both located within the central portions of the volcanic belts, which 
occur in distinct e l l ip t ic a l  areas. In most instances, the basaltic 
flows l ie  stratigraphically below these two rock units. This s t r a t i ­
graphy suggests a progression of basin development from: (1) eruption
of subaqueous and subaerial basaltic flows; (2) continued magmatic 
different iat ion of the parent basalt in the crust or upper mantle as 
volcanic rocks become more fe ls ic ;  to (3) deposition of volcaniclastic 
sediments. Deposition of the sediments and intermediate-to-felsic  
volcanism probably occur simultaneously, with sedimentation occurring 
during volcanically quiet periods. This would explain their in ter ­
calated nature.
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Plutonic rocks are abundant throughout the region. The oldest are 
the synorogenic, grey to grey-white, foliated granites, monzonites, 
granodiorit e s , and d io r i tes . These intermediate intrusive rocks occur 
in large e l l ip t ic a l  batholithic complexes. Most have broad (0.25 to 
10km) migmatitic injection complexes around their  peripheries (Figure 
2) .  The surrounding country rocks have been contact metamorphosed to 
the mid- to upper- amphibolite facies, are highly sheared, and intruded 
by igneous material. Lineations of amphibole crystals and stretched 
quartz crystals are everywhere down-dip, indicative of a diapiric  
style of batholith emplacement.
Interspersed throughout the Wabigoon region are small circular  
stocks. These postorogenic plutonic rocks are pink, medium- to 
coarse- grained, biotite-quartz-feldspar granites, which contain no 
muscovite. In all cases they are non-foliated and empart no apparent 
contact effects on the surrounding country rocks.
In one outcrop on Highway 71, 1/2 km south of the junction with
Highway 17 (sample location 13), a small stock, 2km in area, has
intruded a granodioritic batholith. The stock is a pink, massive
b io t i te  granite. Small hematite-rich clots, 1/2-1 cm in diameter, 
occur interspersed throughout the contact zone. Within 30-40% of 
these clots are crystal- 1 ined vugs, possibly re l ic t  miarolit ic  cava- 
t ie s .  The contact zone consists of 5m of potassium feldspar, epidote- 
rich rock (Figure 3).  The entire zone is highly altered by hydrother­
mal epidotization and recrystal 1ization.
Along the major east-west shear zone that forms the southern
border of the Wabigoon volcanic belt ,  is a small syenodioritic stock.
Figure 2: Injection migmatite of intermixed mafic flows 
and granodiorite, Irene-Eltrut Lake batholith complex: 
Hwy. 812, sample location 65.
13
Covered Area
3m
Foliated Horn blende Gneiss p / |  Massive Granite ^^Postorogenic Pluton
©Sucrose textured rock of Quartz + Alkali feldspar, minor sulphides 
@1 /2m dist inct ly  bandaed rock of alternating K-spar + quartz
d)Coarse crystall ine alkal i  feldspar + sulphides + muscovite
0Medium-grained equigranular granite.
Figure 3: Sketch map of contact zone between postorogenic pluton
and the Dryberry Batholith (sample location 13, Hwy. 71).
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Its emplacement seems structurally controlled by the shear zone. The 
stock is massive, coarsely crystal l ine,  and in places porphyritic with 
sheared borders. I t  is probably postorogenic. This stock may repre­
sent a d if ferent ia te  from an alkaline basaltic magma. The magma would 
be generated from the now depleted mantle beneath the volcanic area. 
These rocks are quite similar to East African r i f t  syenites and syeno- 
diorites which are generated within a continental r f i t  environment 
(Baker, et a l , 1972).
Small e l l ip t ic a l  stocks of gabbro and norite occur associated with 
and intruding into the mafic metavolcanic portions of the belt .  
Several of these stocks show pronounced in-situ dif ferentiation. The 
black, coarse-crystalline gabbros dif ferentiate  to leuco-diabases with 
subophitic to ophitic texture in the cores. At sample location 74 are 
comagmatic granites and gabbros. Large e l l ip t ica l  blobs of gabbro 
have chilled against the cooler through s t i l l  molten granitic rock 
(Figure 4 ) .  Distinct chilled margins are present around the gabbroic 
blobs.
Within the Kakagi Lake area (Figure 6) ,  ultramafic composite s i l l ­
l ike bodies occur interlayered with intermediate-to-felsic pyroclastic 
rocks and tu f fs .  These consist of peridotites through leucogabbros. 
I t  is possible that these s i l ls  represent layered mafic intrusions. 
Edwards (1980) postulated that the Kakagi Lake area represents part of 
an Archean volcanic center. The area lies within the thick portion of 
mafic flow material, covered by intermediate- to - fe ls ic  extrusive 
rocks and vol canidast ic  metasedimentary rocks. I t  is possible
n
4
Figure 4: Inclusion dike of basaltic material within 
pink-grey, coarse-grained granodiorite: Hwy. 71, 
sample location 42.
Figure 5: Proterozoic dike cross-cutting a portion of 
the Dryberry batholi th: Hwy. 71, sample location 17,
16
107
108
I06i
104 109
103
UO^
K A KA GI  L A K E
I km
Kakagi Lake
(Crow Lake)
Fi gure  6: Kakagi Lake study area and sample l o c a t i o n s .
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that the magmas form the composite ultramafic-to-mafic s i l l s  
and the mafic-to-fe1 sic volcanic material may have used the 
same conduit system from the mantle to the surface.
The youngest intrusive rocks in the region are a set of
northwest-trending diabase dikes (Figure 5), These
Proterozoic dikes cross-cut all other rock-types and struc­
tures in the region. They are undeformed and unmeta­
morphosed. In some places the dikes are offset by major
right lateral s tr ike -s l ip  faults and cross-faults. This set 
of faults is the youngest faulting to affect the region.
Metamorphism
The dominant metamorphic mineral assemblages within the 
volcanic and batholithic rocks are within the greenschist
facies. Adjacent to and within the injection complexes
associated with the synorogenic batholiths are middle- to
upper-amphibolite facies assemblages. This regional meta­
morphic aureole is up to ten kilometers wide adjacent to the
Dryberry and Rainy Lake batholithic complexes. The aureole 
may represent metamorphic rocks dragged up from a lower
crystal level with the ascending batholiths. L i t t l e  or no
metamorphic aureole exists around the postorogenic granitic
stocks.
Regionally, the metamorphic assemblages are similar to
the Abukuma facies series (Miyashiro, 1961). This series is 
characteristic of regions with steep thermal gradients and
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low to medium li thologie pressures. Sims and others (1976) 
have attr ibuted most metamorphism within the Vermillion
d is t r ic t  of Minnesota to batholithic emplacement. This
nature of metamorphism is also true for the Wabigoon belt;
heat from the ascending batholiths appears to have 
regionally metamorphosed and deformed the surrounding 
country rocks.
Structural Geology
The metavolcani c-metasedimentary rocks of the Wabigoon
belt form a sinuous belt that trends southwest from Wabigoon
Lake to Pipestone Lake and then swings northwest to
Lake-of-the-Woods. This band is confined on all  sides by
e l l ip t ic a l  batholithic complexes (Figure l a ) .
The map area contains three e l l ip t ic a l  volcano- 
sedimentary complexes (eg: Figure 7). Such a complex is made
up of mafic-to-felsic extrusive rocks intercalated with
vol canidastic  sedimentary rocks. At least one postorogenic
stock intrudes each of these complexes. The remaining por­
tion of the Wabigoon belt is massive and pillowed mafic
flows. Windley (1974) suggests that these volcano-
sedimentary complexes represent a series of large strato-
volcanoes distributed throughout the region. Some type of
conduit system from the mantle must have existed, to allow
ultramafic magmas to well up within the volcanic p i le .
Other authors feel that these volcano-sedimentary complexes
19
49® 3 0 '-
, 5 km ,
Q  Synorogenic batholith
[ 2 ] Basalt flows-massive and pillowed 
Q  Metasedimenfafy rocks 
(^Postorogenic pluton
Fig ure  7: A p o r t io n  of a vo lcano-sed im entary  complex 
w i t h i n  the v o lc a n ic  b e l t ,  near Lake-o f - the -W oods .
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are preserved due to deposition within structural lows and
therefore protected from erosional stripping. These low
areas would also receive the greatest amount of lava, water- 
lain and a i r - f a l l  tu f fs ,  and volcaniclastic sediments.
The major bed-top indicators (Figure 8) ,  such as rhyth­
mic graded bedding, load casts, and pillow lava structures,
and the regional stratigraphy are also indicative of a major 
synformal structure throughout the volcanic p i le .  In
general, material eroded from the domal batholithic 
complexes is also caught up in the infolded volcanic-
sedimentary troughs. In three areas granodioritic clasts 
were present within the volcaniclastic sediments. This syn­
formal structure may have been imposed on the volcanic pile  
post-1 ith if icat ion.  The infolding would thereby be due to
diapir ic  rise of the batholiths and shouldering aside of the 
volcanic and sedimentary rocks.
The metavolcanic and metasedimentary rocks are 
regionally folded into a series of large-scale, large- 
amplitude open folds. The fold axes trend in a northeast-
southwest direction throughout the region. The degree and 
style of folding varies according to the physical properties 
of the rocks involved (Figure 9). Intricate isoclinal folds 
are developed within the thin-layered volcaniclastic rocks. 
The massive mafic flows behave in a more b r i t t l e  manner, 
developing a steeply-dipping shingle pattern. Relic igneous
Figure 8 : Graded bedding in metasedimentary volcano- 
clastic rock. Faint cross-bedding noted in central 
fine-grained layer. ThiÈ is a portion of a turbidity 
deposit: Hwy. 17, sample location 45, 46.
Figure 9: Folding in layered intermediate-flows: 
Hwy. 17, sample location 4.
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textures are rarely deformed. In only two areas are pillow
structures strongly deformed by stretching. These outcrops 
are located near the plast ically  deformed migmatitic border
of a batholith.
In some areas, the major fold axes have been refolded by
a second episode of folding. Edwards (1980) relates
refolding to movement along major northeast-southwest and 
northwest-southeast shear zones that cross-cut the region. 
In the Abitibi volcanic belt to the south, two generations 
of folding are also present. Within this belt ,  the f i r s t
generation of small-scale folds are attributed to soft-
sediment deformation (Huddleston, 1976). Most of the major 
folds of the Wabigoon belt appear to be due to deformation
during batholith emplacement; although, slumping and soft-  
sediment deformation was observed near Bunny Lake (Highway 
71, sample locations 45 and 46).
Three major hi gh-angle fault  systems cross-cut the map 
area. They are: (1) the Manitou Straits fau l t ,  (2) the
Wabigoon fa u l t ,  and (3) the Pipestone-Cameron fault .  These 
fau lt  systems have produced broad mylonitic zones 
(Blackburn, 1979). All regional structures and Archean
rock-types are affected by this pervasive shearing.
A second type of faulting is characterized by regional
b r i t t l e  fracture. These cross-faults are oriented at some 
angle to the major shear zones and do not cross-cut them.
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They are predominantly r ig h t - la te ra l ,  s tr ike-s l ip  faults 
(Blackburn, 1976). Timing for this second generation of
faults is post-mid Proterozoic because they offset the major 
mid-Proterozoic dike swarms in the region.
Foliation is defined as a marcoscopic, planar structure
of tectonic origin (Winkler, 1979, p .9). A strong gneissos-
i ty  is present within the migmatitic aureoles around the
major, synorogenic batholiths. The country rocks within
these aureoles are in the amphibol i te  facies and they are
highly injected with igneous material. Mineral lineations 
l i e  within the plane of the gneissosity and point down dip.
Where the metavolcanic and metasedimentary rocks are in 
the greenschist facies, gneissosity is absent. A well-
developed schi stosity exists in the layered metasediments.
Within the massive, mafic flows a pervasive slaty cleavage 
produces a finely-spaced f is s i l t y  in the rocks (Figure 10).
Narrow zones of sheared schist are locally present in some
of the greenschist metavolcanic rocks. These zones are 
slip-planes along cleavage surfaces, producing a zone 
sheared rock. Hydrothermal and deuteric fluids have moved
along these zones and locally altered the rocks.
Major folds are defined by the trend of the foliation  
throughout the Wabigoon volcanic belt .  Within the migmati­
t i c  aureoles of the batholiths, the fol iation is parallel to 
the country-rock contact. This suggests that the foliation
w
Figure 10: Steeply dipping shingle pattern in mafic 
flow. The mineral lineations are down-dip: Hwy. 71, 
sample location 27.
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was formed during batholith emplacement. The schistosity in
the metasedimentary rocks is an axial-plane schistosity. In 
only a few places is i t  parallel to the lithologie contacts.
Tectonic Relationships To The High-Grade Terrains
The Wabigoon volcanic belt is separated from the Quetico 
gnessic belt by an east-west-trending, r ig h t - la te ra l ,  
str ike -s l ip  fau l t .  This fa u l t ,  the Quetico fau l t ,  is a 
major regional fault  system which can be traced for 240km 
from Lac des Mil le  Lacs to Emo. An extensive shear zone
{500-1000m) is exposed in the area of the fault  system. The 
shear zone is characterized by cataclastically deformed gra­
nites and augen gneisses. Extensive laminated mylonites 
occur in most areas (Harris, 1974).
The predominant r ight- lateral  motion is indicated in
micro- and macro-structures. Large-scale drag folding is 
present on the southern and northern sides of the fault  zone
(Figure 11). Harris (1974) reports small-scale, Z-type drag
folding in the border migmatites and a set of northwest-
trending feather joints which suggest r ight-1ateral fault
motion. Mineral lineations in the sheared rocks suggest a
predominantly s t r ike -s l ip  fau lt  motion.
Timing of the major movement along the Quetico fault
must be after  mid-Proterozoic, because the mid-Proterozoic
dike swarms are offset.  The Quetico fault  has been genetic­
a l ly  related to other regional faults which form an extensive
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F i g u r e  11: Drag a l o n g  t he  Qu e t i c o  F a u l t  System.  Ma j o r
o f f s e t  o f  1 i t h o i  on i e s , f o l d  axes ,  and P r o t e r o z o i c  d i k e s  
Map area a l ong  Highway 11,  so u t h e r n mos t  p o r t i o n  o f  t he 
f i e l d  a r ea .
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r ig h t - la te ra l ,  s tr ike -s l ip  fault  system (Harris, 1974).
Movement along this system is extensive. The gneissic meta­
sedimentary rocks of the Quetico belt have moved more than
150 km west past the Wabigoon volcanic and plutonic rocks.
This system could be a reactived Archean tectonic suture
which existed between two distinct Archean orogenic 
terrai  ns.
The Wabigoon volcanic belt is separated from the English
River gneissic belt to the north by a discontinuous Wabigoon
fa u l t .  This fault  extends from the Flora Lake stock east­
ward for 60-75 km. Poor exposures have limited study of 
this system of faults.  I t  is possible that future f ie ld
work wil l  extend this fault  westward and genetically relate
i t  to other east-west-trending faults in that area.
CHAPTER 3 
PETROGRAPHY OF THE WABIGOON AREA 
The l ithologie package within the Wabigoon volcanic pile
is: extensive basal massive to pillowed basalts; inter-  
mediate-to-felsic flows, tu f fs ,  and pyroclastic breccias; 
and intercalated vol caniclastic sediments and turbidity  
deposits. In outcrop and hand sample, original volcanic and
sedimentary textures are s t i l l  present and generally unde­
formed. A pervasive green coloration, slightly increased 
grain size, and increased amount of secondary sulphides are
indicative of the relat ive ly  low-grade of metamorphism that 
these rock units experienced.
Massive To Pillowed Basalts
In the f ie ld ,  the basalts, now greenstone, are the pre­
dominant volcanic rock type. These massive to pillowed 
basalts form prominant ridge-1 ike outcrops. The original
pillow structures and flow textures are present in most
outcrops. The original pillow structures and flow textures
are present in most outcrops (Figures 12a, 12b). In only
two outcrops are the pillow structures deformed (Figures 
13a, 13b). All the outcrops are deformed by a pervasive
jo int ing.  Chlorite, ca lc i te ,  epidote, and pyrite-pyrrhotite 
are locally present on the joint surfaces indicating that 
the joints have acted as avenues for hydrothermal fluids.
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Figure 12a: Pillowed mafic flow: Hwy. 812, sample 
location 79. Hammer in central foreground is 42 
cm long.
Figure 12b: Pahoehoe toe structures in mafic flow: 
Hwy.71, sample location 34.
Figure 13a: Deformed pillows in a mafic flow, s t ra t i  
graphic tops undeterminable: Hwy. 812, sample 
location 61.
Figure 13b: Deformed pillows in a mafic flow: Hwy. 
812, sample location 62.
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This mineral assemblage is generally much coarser-grained
than the surrounding country rock. Except in the v ic inity
of an intrusive contact, the basalts are aphanitic and of 
uniform composition. A cut surface reveals a mottled tex­
ture with pale green patches about 1cm in diameter set in a
darker green matrix.
Thi n-secti ons of the basalts show that the lighter green 
areas are composed of granular epidote and chlorite, with 
in te rs t i t ia l  polygonal plagioclase laths. The dark green 
matrix is composed of accicular, blue-green pleochroic 
hornblende and granular epidote. Both the plagioclase and
the amphibole grains do not appear to be pseudomorphic after  
any other mineral. They may represent slightly
recrystal 1ized original phenocrysts. Those samples that are
hydrothermally altered are cross-cut by numerous quartz-
calc i te -pyr i te -r ich  veins. The only pervasive minéralogie
change is the mobilization and recrystall ization of massive, 
secondary sulphides. These samples are in the garnet zone
of the greenschist facies. A representative mineral
assemblage is:
hornblende-biotite-quartz-albite-epidote-chlorite.
The basaltic rocks that are near or incorporated in the
migmatitic batholithic contacts are in the middle to upper
amphibol i te  metamorphic facies. In hand sample they are
medium- to coarse-grained, b io t i te ,  hornblende schists to
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massive amphibolites (Figure 14). A well-developed schistos­
i ty  is defined by the parallelism of the b ioti te  flakes. 
Hornblende crystals are oriented within the plane of the 
schi sosity. In outcrop, these lineated hornblende crystals
point everywhere down-dip.
Mosaic, undulose quartz and plagioclase f i l l  stringers
and e l l ip t ic a l  patches dispersed throughout the thi n- 
section. The mafic minerals are concentrated within
elongated clusters parallel to the schisosity. Green
pleochroic b io t i te  is quite ragged and recrystalized to 
chlorite around the crystal edges. This chlorit i  zation may 
represent a late-stage retrograde metamorphism or deuteric 
alteration.  The hornblende forms prismatic crystals with a 
strong blue-green pleochroism. The rims of some hornblende
crystals are altered to act ino l i te ,  epidote, chlorite, and 
iron-oxides. Apatite, sphene, and ilmenite are the most 
common accessory minerals.
Most of the schists and amphibolites exhibit moderate to 
wel1-developed compositional and textural layering. This
probably represents metamorphic d i f ferentiat ion,  as well as
the effects of magmatic injection, shearing, and plastic 
flow. The most abundant metamorphic mineral assemblage is: 
hornbl ende-plagioclase-biotite-epidote (sphene _+ apatite) .  
Intermediate-to-Felsic Volcanic Rocks
Intermediate-to-felsic metavolcanic rocks within the 
volcanic pi le  are predominantly pyroclastic tu f fs ,  breccias,
Figure 14: Mafic stringers of basaltic composition
plastically deformed within a migmatitic batholith 
complex. B rit t le  offset is postorogenic, probably 
related to Proterozoic dike emplacement: Hwy 17 
sample location 18. / •
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and agglomerates. These rocks range in composition from
dacit ic to rhyol i t ic .  Pyroclastic rocks occur in the
central portions of the volcanic belt and are thickest 
within the three e l l ip t ic a l  volcanic complexes (Figure 7).
Although some pyroclastic units are interbedded with the
upper mafic flows, most l i e  uncomformably on top of the
mafic flows and are intimately associated with the volcan- 
ici astic metasedimentary rocks.
In outcrop and hand sample the pyroclastic rocks are a
heterogeneous mixture of tuff-breccias, l a p i l l i - t u f f s ,  and 
water-lain and a i r - f a l l  tu f fs .  The rocks range from
unsorted to well-bedded units (Figures 15 and 16). Where 
bedding is absent or poorly defined, the composition of the 
clasts and matrix are similar. Deposition of these rocks 
was probably rapid from a single volcanic source. Graded
bedding and cross-bedding was reported from the Kakagi Lake
area indicating post-depositional reworking by water
(Blackburn, 1979).
Recrystalization has modified all the primary volcanic 
and depositi onal textures, but in the absence of extreme 
deformation, the primary textures are s t i l l  identif iable in 
hand sample and thin section. In only one outcrop has 
deformation obliterated the primary textures (Figure 17).
Deformation has produced a pervasive sheared texture: pla­
giocl ase crystals have deformed twins with development of
strain twins and undulose quartz with mosaic and sutured
boundaries.
Figure 15: Interbedded intermediate tuffs and l a p i l l i  
tu f fs :  Kakagi Lake, sample location 101.
Figure 16: Lapi11i - t u f f  breccia, note large variety  
of fragment sizes. This tu f f  is dacit ic  composition 
and the f la t tening and clast alignment is a primary 
volcanic texture: Kakagi Lake, sample location 102.
Figure 17: A deformed intermediate lapi H i - t u f f :  
Kakagi Lake, sample location 102.
Figure 18: Large-scale banded gneiss. Banding is a 
product of original compositional layering and 
metamorphic d i f fe ren t ia t io n .  The rocks are in the 
upper amphibolite facies: Hwy.812, sample location 
71a.
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In thin section, the compositional and textural layering
in a tu f f  (average grain size 0.1 mm) is of primary origin
and not related to metamorphic dif ferentiat ion.
Plagiocl ase (Anjo) and quartz make up the bulk of the 
tuffaceous matrix of most samples. Primary plagioclase
laths have albite  twins and are characteristically oriented
with their  long axis parallel to the bedding. Secondary 
metamorphic crystals are randomly oriented in undeformed
samples. Clusters of secondary b io t i te ,  granular epidote
and chlorite are pseudormorphs after a primary amphibole. 
Primary b io t i te  is quite ragged and in places recrystallized 
in polygonal arcs around buttresses of plagioclase laths. 
Chlorite and secondary b iot i te  define the tectonic fabric of 
all  samples which is parallel to the bedding.
Some pyroclastic samples have a strong tectonic fabric.
Euhedral, tabular laths of twinned plagioclase (Anio-15> 
1-4 mm) are broken and rolled within the foliation plane. 
The fo l ia t ion is defined by platy chlorite and white micas 
(probably seric ite)  which are oriented within quartz-
feldspar matrix. Sample 102 from the Kakagi Lake area is 
the most strongly foliated of all pyroclastic samples.
Untwinned plagioclase laths and epidote crystals are pseudo­
morphic after  garnet. These crystals have been rolled
within the plate of fo l ia t ion .  Inclusion trains of un­
twinned plagioclase and quartz suggest rotation and 
recrystal l ization of these large grains during deformation.
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Grains within the matrix are undulose polygonal quartz and 
twinned sodic plagioclase (An^.^g).
Layered Mafic Intrusions and Mafic Plutons
Mafic to ultramafic rocks are scattered throughout the map 
area. Within the Kakagi Lake area a series of thick, layered 
ul tramafic-mafic s i l ls  occur intercalated with the pyroclastic 
rocks in the central portion of the volcanic complex. Previous 
f ie ld  studies suggested that these s i l ls  were actually ultramafic 
flows extruded onto the pyroclastic rocks. In all  areas, 
however, two distinct chilled zones were identif iable and enclose 
the concordant ultramafic-mafic bodies. This suggests that 
they intruded the pyroclastic pile and then differentiated in- 
situ to produce the varied compositions.
The ultramafic to mafic rocks are olivine peridotite, augite 
pyroxenite, amphibolite-rich gabbro, gabbro and anorthositic 
leucogabbro. The extent of the peridotite was not easily deter­
mined, but i t  seemed to parallel the lower chilled zone and was 
of variable thickness (0-5 m). I t  was recognized in the f ie ld  
and hand sample by a distinct brown weathered rind and dark green 
mottled fresh surface. The peridotite is a coarse-grained green- 
black rock composed of chlorite blebs, serpentine, and primary 
pyroxene in an amphibolite-plagioclase matrix.
In thin section the serpentine-chlorite blebs are pseudo­
morphic after  primary olivine. These blebs are enclosed by opti­
cally  continuous grains of brown hornblende which are part ia l ly
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serpentini zed and stippled with magnitite grains. Primary augi- 
tes are altered and part ia l ly  recrystallized with coronal crystal 
rims.
Augitic pyroxenite is a medium- to coarse-grained, massive, 
dark green rock composed of augite pseudomorphs in a matted tex­
ture. The pseudomorphs are aggregates of green amphibole, 
chlorite and bio t i te .  These float in a matrix of chlorite.  
Small pink fe ls ic  clots are randomly scattered throughout the 
hand sample. In thin section these felsic clots are quartz- 
plagioclase intergrowths that enclose p o ik i l i t ic  amphibole laths. 
The amphibole is green act ino l i t ic  hornblende that is 
interspersed with chlorite and olive green b io t i te .
The upper parts of each s i l l  is composed of massive, black- 
green, coarse-grained gabbro ranging in composition from 
hornblende gabbro to anorthositic leucogabbro. Thin-section 
study supports the f ie ld  observation that the gabbro varies con­
siderably in mineralogy and texture, A hand sample of typical 
gabbro is coarse-grained, ophitic in texture with a black-green 
to greenish-white mottled appearance.
The dark green areas are aggregates of accicular actinol i t ic  
hornblende. Interspersed throughout the section are light  
patches of saussuritized plagioclase granules. These light  
patches vary from medium-green to white depending on the amount 
of enclosed epidote. Where individual plagioclase laths occur 
they are untwinned and extensively saussuritized. Compositional
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zoning occurs within the hornblende crystals, with cores that are 
paler than the rims. Minute ilmenite blebs occur intimately 
associated with the hornblende crystals.
The anorthositic leucogabbro is distinctly  different from the 
other gabbros. I t  has a creamy white weathered surface that is 
dotted by greenish black amphibole laths. Throughout the area 
less than 10% amphibole is present in this rock type. The fresh 
surface is dark grey with the large plagioclase crystals showing
distinct polysynthetic twins. In thin section the plagioclase is 
fresh with l i t t l e  saussuritization and of andesine composition 
(An45. 5o). In addition to the large hornblende crystals (up to 5
mm) p o ik i l i t i c ,  accicular hornblende grains occur within the pla­
gioclase crystals. Euhedral apatite and opaque grains are the
only recognized accessory minerals.
In several locations (sample 74a,b,c) are stocks of mafic- 
intrusive rocks. These bodies are massive, homogeneous gabbros 
which have a near circular outcrop pattern. The stocks intrude 
various rock types and occur randomly throughout the map area. 
In the f ie ld ,  the rocks range from coarse-grained, black, massive 
hornblende gabbros to medium-grained subophitic diabase. The 
stock at sample 74 is quite variable texturally and 
compositi onally.
Thin section examination shows a subophitic relationship bet­
ween subhedral, pleochroic, green hornblende and euhedral,
twinned plagioclase laths. A groundmass of orthoclase, quartz 
and untwinned plagioclase occurs between the larger grains of
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hornblende and plagioclase. An extremely fibrous green amphibole 
(probably act inol i te )  is intergrown with chlorite around the rims
of the large hornblende crystals. Approximately, 4-5% orthoclase
occurs and indicates an alkaline composition for this gabbroic 
stock. They may represent a late intrusive rock from a depleted
mantle source beneath the volcanic pi le .  I t  is l ikely  that all
of these ultramafic-to-mafic intrusive rocks used preexisting 
conduit systems used by the feeders for the volcanic complex 
and/or the batholiths.
Proterozoic Dikes
The entire area is cross-cut by numerous northwest-trending, 
discordant basaltic dikes. These dikes are undeformed and unmeta­
morphosed. Contacts between the Archean country rock and the 
Proterozoic dikes are sharp and lack any evidence of metasomatic 
changes, hydrothermal or  deuteric alteration. Sample 17B is a 
typical black, porphyritic basalt with a red-brown weathered sur­
face. I t  is composed of clinopyroxene and plagioclase phe- 
nocrysts free-floating and randomly oriented within a f ine­
grained groundmass. Liquid immiscible blebs of Fe-oxides made up 
25% of the groundmass. The only indication of alteration within 
the thin section is mild seric it izat ion of approximately 30% of 
the plagioclase phenocrysts.
Intermediate-to-Felsic Intrusive Rocks
D ior i t ic  to quartz d io r i t ic  plutonic rocks occur in the
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marginal synorogenic, batholithic complexes and in the injection 
migmatite complexes that border these batholiths. They are i n t i ­
mately associated with amphibolites in the injection complexes. 
In outcrop, these rocks are heterogeneous mix of dark grey to 
l ight grey, massive to fol iated, medium- to coarse-grained
porphyritic diori tes ,  quartz diorites and quartz monzonites with 
numerous country-rock inclusions. Boundaries between the batho­
l i ths  and the volcanic belt are not clearly defined due to their  
gradational nature. The degree of foliation and percentage of 
included country rock increases towards the boundary.
All samples studied in thin section have a mineralogy of: 
hornblende _+ b io t i te  + plagioclase hh orthoclase _+ quartz _+ apa­
t i t e  epidote. Accessory minerals are sphene, zircon and 
sulphides. All of the samples have hypidiomorphic to
al 1 otriomorphic granular to subophitic to foliated texture. The 
hornblende is green and pleochroic. Plagioclase is twinned in
all  samples. In those that are strongly foliated, the twins are 
deformed and stained twins have developed. Plagioclase com­
positions range from oligoclase to andesine. In a few samples
some compositional zoning was present with calcic cores rimmed by 
increasingly more sodic layers.
Small e l l ip t ic a l  postorogenic stocks of pink to light grey K- 
rich granite and quartz monzonite occur randomly throughout the 
area. These plutons characteristically have sharp discordant 
contacts with the surrounding country rocks. They vary in tex­
ture from medium-grained to coarse-grained to porphyritic near
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their  cores. Sample location 13 is a porphyritic pink K-rich
granite which has intruded the Dryburry batholith. I t  has hypi­
diomorphic granular texture and is composed of plagioclase +
b io t i te  + quartz + orthoclase + sphene + zircon ^  epidote.
Small pink clots occur randomly oriented throughout the upper 
portion of the pluton. In hand sample, these appear as hematite-
rich quartz aggregates around a central crystall ine core of
quartz. Thin section examination shows these to be crystal
f i l l e d  vugs, possibly re l ic t  miarolit ic  cavities in an epizonal
pluton.
To summarize, all samples of postorogenic plutons contain 
quartz + plagioclase _+ microcline orthoclase _+ epidote +
b io t i te  _+ muscovite. Accessory minerals include sphene, apatite,  
zircon, and monazite. Myrmekite is present in minor amounts
along grain boundaries.
Two postorogenic syenite plutons occur along the Quetico 
fault  in the southern portion of the map area. They are small
e l l ip t ic a l  bodies with fol iated, fe ls ic boundaries and coarse­
grained, porphyritic, mafic cores. Emplacement was probably
fault  controlled. They have a distinct green-pink color with 
large, euhedral potash feldspar phenocrysts in a groundmass of 
b io t i te ,  green amphibole, and epidote. The phenocrysts have 
Carlsbad twins and ragged rims.
Volcaniclastic Metasedimentary Rocks
Intimately associated with the upper mafic flows and the 
intermediate-to-felsic pyroclastic rocks are several suites of
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metasedimentary rocks. The suites are composed of sandstone, 
si 1tstone, and a r g i l l i t e s ,  now bioti te  chlorite schists and quart- 
z i tes .  Stratigraphie tops were determined by grain-size grada­
tions, cross-bedding and rhythmic bedding in the sandy units. 
These suites may be a part of a turbidity sequences, all indica­
t ive  of epiclastic,  rapid, subsqueous deposition.
In thin-section, the schists contain green biotite  + 
untwinned plagioclase + undulose quartz _+ epidote + chlorite _+ garnet 
_+ calcite  2  re l ic t  grains of sphene, and zircon. Most grains are 
ragged and highly recrystallized around the edges, Biotite
grains are now recrystal 1ized into polygonal arcs around
buttresses of primary plagioclase grains. Samples 20 and 21 are 
compositi onally and texturally layered b io t i te ,  epidote, plagio­
clase schists. The layering is probably primary sedimentary 
layers of po l i t ic  versus sandy sediments. Both contain re l ic t
plagioclase grains that have been rotated in ‘ the groundmass with
extensive quartz + plagioclase pressure shadows and mortar tex­
tures. Both of these samples are mylonites deformed within the 
major northwest-trending fault  system.
All of the metavolcanic rocks are within the staurolite zone
of the amphibolite facies: epidote + b iot i te  + plagioclase +
garnet + quartz. Most represent rocks derived from a nearby 
volcanic source of mafic-to-intermediate composition.
CHAPTER 4
GEOCHEMISTRY OF THE WABIGOON SUBPROVINCE
Introduction
127 samples were collected of all major rock types along two 
l inear traverses within the study area (see Appendix 3 for sample 
spaclngs and locations). The samples were crushed, ground and 
analyzed for 46 elements using Instrumental neutron activation,  
atomic absorption and x-ray fluorescence techniques. Details of
the sample preparation, analytical techniques, and complete 
l is t ings of results are given In Appendix 1 and Table 2 of
Appendix 2. Eleven USGS standards were run alternately with the
samples to check the s tab i l i ty ,  accuracy, and precision of each 
analytical technique. All the standards have wel1-documented 
major- minor- and trace element compositions (Abbey, 1980). The 
standard rock types are l isted In Table 4 of Appendix 2. The
analytical results are l isted In Table 3 of Appendix 2.
Volcanic Rocks
On the basis of major- and trace-element composition, the 
basaltic rocks of the Wabi goon area fa l l  Into the thol ell  t ic  and
calc-alkaline series. The same classes are also recognized by
discrimination of the major elements (Naldrett and Goodwin,
1977). The average basaltic composition from each traverse Is
compared to the average compositions of modern basalts in Table 
5, This comparison shows the major differences between Archean 
basalts and modern a f f in i t i e s .  Archean basalts have higher Fe
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ND* - below detection l imit
SiÛ2 
TiOo 
Al 2O3
5 ° '
MgO
CaO
Na20
P2O5
MnO
Ca°/Al203
Fe0/Fe203
MgO/FeO
Cr
Ni
V
Co
Cu
Zn
Zr
Ba
Sr
La
Ce
Sm
Eu
Dy
Yb
Lu
Y
(PPb)
Ni/Co 
Ti/Zr  
Zr/Y 
Ti/V
Archean : (INAA.AA.xRF) Modern: (after  Condie ,1981,p.97).
cal c-
DF-tran KF-tran MORB ARC alkaline
52.85 50.38 49.8 51.1 50.2
0.943 1.22 1.5 0.83 1.0
14.14 14.19 16.0 16.1 17,7
1.67 1.81 2,0 3.0 3.9
10.15 12.03 7.5 7.3 6.3
6.01 6.13 7.5 5.1 5.4
10.32 9.4 11.2 10.8 9.8
2.22 3.08 2.8 2.0 2.7
0.31 0.29 0.20 0.15 0.20
0.204 0.236 0.17 0.17 0.20
0.730 0.701 0.70 0.67 0.55
5.07 6.65 3.8 2.4 1.6
0.792 0,709 1.0 0.70 0.86
236 65.9 300 50 50
78 56 100 25 50
259 361 300 270 150
56 55.1 32 20 40
ND* ND* 70 80 80
105 98 75 80 80
73 87 100 60 100
ND* ND* 11 60 100
ND* ND* 135 225 300
5.25 5.67 3.5 3.9 9.2
22.3 16.7 12 7 25
2.52 2.70 3.9 2.2 3.8
0.99 1.14 1.5 0.9 1.3
3.3 4.7 7.0 2.7 4.8
1.9 3.0 3.0 2.0 2.5
353 487 (ppm) 0.3 0.3 0.5
23 30 30 20 23
1.39 1.02 3 1.3 1.3
90 83 60
3.3 3.0 4.3
36.4 33.8 30 18 40
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total and lower AI2O3 content. The Wabigoon basalts also have 
higher Mg/Mg+Fe ratios, consistent with the findings of Gill
(1979).
When the basaltic samples from each of the traverses are
plotted on chemical variation diagrams (Figures 19, 20 and 21), 
the calc-alkaline series is separated from the th o le i i t ic  series 
on the basis of Fe/Mg ratio and Fe, Mg behavior versus alkali
content. Viljoen and Viljoen (1969) recognized these two series 
and correlated them to stratigraphie position within the volcanic 
succession. They determined that low-K th o le i i t ic  rocks p r i ­
marily occur in the lower portions; whereas, calc-alkaline rocks
occur in the upper portions of the volcanic succession.
The rocks from the Dryden-Fort Frances traverse are primarily
within the calc-alkaline series. Whereas, the Kenora-Fort
Frances rocks are within the th o le i i t ic  series. Viswanathan 
(1974) equates this difference to estimated strati  graphic posi­
tion within the volcanic pi le .  Using this method, the
Kenora-Fort Frances rocks are probably a lower erosional level
within the section, or represent an older flow erupted from an
evolving magmatic system. Dryden-Fort Frances rocks are higher 
in the stratigraphic section.
Figure 20a also indicates a genetic relationship between the 
Dryden-Fort Frances calc-alkaline basalts and the intermediate-
to-fe l  sic volcanic rocks. These basalts fa ll  in a linear array 
that parallels the calc-alkaline trend. The Kenora-Fort Frances
4 8
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Figure 19-MgO-Fe discrimination diagram 
(modified after Jolly, 1975).
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^Dryden-Ft.Frances traverse.
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basalts do not align with this trend but plot in a group near the 
apex of the Skaergaard Fe-enrichment trend. Three samples from 
the Dryden-Fort Frances traverse plot within the Fe-enri chment
f ie ld  along with the Kenora basalts. These samples were 
collected near the periphery of the volcanic belt and may repre­
sent low-K th o le i i t ic  basalt from lower in the section folded up
into the ir  present position. I f  the samples are plotted by stra­
t i  graphic position rather than by traverse, this same calc- 
alkaline trend is evident (Figure 20b).
Pearce and Cann (1973) propose using 'immobile' trace ele­
ments (T i ,  Zr, Y, Nb, and Cr) to determine the tectonic setting 
of a basalt formation. These diagrams divide the samples into 
the same two major series: calc-alkaline and th o le i i t ic  basalts
(Figure 22) and indicate an ocean-floor setting for basalt for­
mation (Figures 23 and 24). In Figure 25, the basaltic samples 
are plotted on a Ti-Zr-Sr ternary diagram. No distinct discrimi­
nation is evident. This may be due to the mobility of Sr during 
metamorphic processes.
Caution must be used when using these diagrams to deduce 
Archean tectonic settings. Included below are a l is t  of con­
siderations that supplement those in Pearce and Cann (1973) and
Brooks et a l . ,  (1981):
1. Are the trace elements used tru ly  immobile during 
secondary processes (metamorphism, deuteric a lte ra ­
t ion , hydrothermal alteration)?
A= Ocean-floor bosolts 
B=Low-K tholeiites
• Kenot'a -  Ft.fronces 
■Dryden-FtFrances20000H
100001
Ti ppm
1000
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C r ppmFigure 22=
— . —  wi mayniQ usine
and Ti variations (after P earce, 1975).
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Discrimination diagram using Ti and Zr 
(after Pearce and Cann, 1973).
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2, Is the number of samples adequate to represent the 
modern environment used to determine the fields  
on each diagram?
3, Are enough examples of modern settings represented
to adequately sample an i nhomogeneous upper 
mantle?
4, Although these diagrams may describe Phanerozoic
basalts, do they f i t  Archean basalts which are 
derived from a more homogeneous mantle (DePaolo, 
1978; Condie, 1981)?
Three additional diagrams are included (one using major-ele-
ments and two using trace-elements) that define arc, mid-ocean 
ridge, and continental basalts. Both traverses show considerable 
scatter on the Zr/Y-Zr plot (Figure 26), but the Hf-Th-Ta diagram 
divides the two into mid-ocean ridge and within plate basalts 
(Figure 27). All of the samples fa ll  into the spreading-center 
and calc-alkaline fie lds on the major-element diagram (Figure
28).
Although these diagrams do not indicate one clear and con­
sistent tectonic setting, they do further emphasize the existence 
of two chemically, and perhaps genetically, distinct magma series 
within the Wabigoon Subprovince. This distinction is probably 
due to a changing tectonic environment. Combining all the trace- 
element discrimination diagrams, the basalts were probably 
extruded in a subaqueous ocean-floor setting, with a mantle 
source of similar to modern mid-ocean-ridge basalts.
Kenora-Ft.Rances 
Dryden-Ft. Rances
A= Island-ore basalts 
B=Mid-ocean ridge basalts 
C=Within-plate basalts
Z r /y
20"
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ICO 500
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Figure 28: FeO -MgO -  AlgO  ̂ for metabasalts of the 
Wobigoon area (after Pearce,TH., et al., 1977).
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The tectonic setting probably was not s ta tic , but evolved with
time. I t  is possible that r if t in g  produced avenues for low-K
th o le i i t ic  basalts. These were extruded as large, massive 
' flood' basalts. As the r i f t  environment was forced closed and
subduction began a calc-alkaline basalt-dacite-rhyolite sequence 
was generated along the subduction zone and erupted on top of the 
low-K th o le i i t ic  basalt. This changing tectonic regime would 
explain the two chemically distinct basaltic series, the linear
relationship between the Dryden-Fort Frances calc-alkaline  
basalts and the intermediate-to-felsic volcanic rocks, and the 
stratigraphie relationship seen in the f ie ld .
Granites
The major intermediate-to-felsic intrusive rocks that occur
in the Wabi goon area are synorogenic, tonalité  to quartz monzonite 
batholithic complexes and postorogenic, K-rich granite plutons. 
Two general geochemical and minéralogie trends are observed in 
these rocks. In Archean rocks, the most widespread trend is the 
tonalite-trondhjemite trend, where there is a relatively  constant 
K/Na ratio with decreasing Ca. A calc-alkaline trend is also 
present in which K/Na ratios increase with decreasing Ca (Condie, 
1981, p .187).
Figure 29 il lus tra tes  both of these trends for the intrusive 
rocks. The migmatite complexes, and diapiric  batholiths follow 
the trondhjemite trend whereas the la ter plutons are within the 
calc-alkaline trend. These two trends are also well illustrated
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Figure 29: CoO-NOgO-KgO distribution diagram, 
for granitic rocks of Wobigoon area.
62
on a Ba-Rb-Sr diagram (Figure 30), The existence of two distinct 
chemical trends within Archean 'granitic ' rocks may indicate an 
evolving magmatic system, similar to that of the basaltic rocks. 
More work needs to be completed analyzing the rare-earth-element 
fractionation patterns, to further define these trends within 
Archean intrusive rocks.
6 3
Ba
Synorogenic Batholith 
A Postorogenic Plutons 
□ Syenites
Rb Sr
— Calc-alkaline trend
Figure 30= Ba-Rb-Sr discrimination diagram for 
intrusive rocks of ttie Wobigoon area, 
(after Condie, 1981, p. 188%
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Figure 37: Sample Location Map: A-A' Kenora-Fort Frances Traverse, A-B Dryden-Kenora Traverse, B-B" Dryden- 
Fort Frances Traverse.
CHAPTER 5
GEOCHRONOLOGY OF THE WABIGOON GREENSTONES 
Introduction
Numerous authors have reported various Rb/Sr-whoIe rock and 
U/Pb zircon dates for the granitic batholiths and plutons 
throughout the Wabigoon Subprovince. L i t t le  geochronological 
work has been done on the basalts of this area. This is due in 
part to the d if f ic u lty  in dating rocks with extremely low in i t ia l  
uranium contents (<1.5 ppm), high degree of hydrothermal a ltera­
tion which frequently redistributes Rb-Sr and U-Th, and secondary 
sulphide mineralization which redistributes Pb.
Six samples listed in Table 6 were dated using common lead 
and Nd-Sm methods. These samples were chosen due to their lack 
of hydrothermal a lte ra tio n , lack of visible deformation, low 
grade of metamorphism, significant primary sulphide minerals 
(commonly pyrite and pyrrhotite) and range of in i t ia l  uranium 
content (0.124 - 154 ppm).
Common Pb Method: Holmes-Houtermans' Model
In lead isotopic studies, three types of lead are recognized: 
primeval, common, and radiogenic. Primeval lead is the homo­
geneous distribution of lead isotopes that existed during the 
early stages of earth history such that all lead had the same 
isotopic composition. Common lead differs from primeval lead by 
the addition of radiogenic lead through the radioactive decay of 
uranium and thorium with time. Any lead formed in situ by the
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Sample No.: U Content(ppm) 206p|^/204pb 207pb/204pb SM Content(ppm) 147sm/144Nd T^^Nd/T 44 (̂1
whole rock
WB-DK-009A 0.115 13.776 14.781 0.84 0.1436 0.511567+17
WB-KF-022B 1.54 15.337 15.842 4.60 0.1189 0.511202+26
WB-KF-036 0.166 13.957 14.858 3.00 0.1661 0.511976+21
WB-KF-041A 0.361 14.753 15.402 3.00 0.2048 0.51258U32
WB-DF-049 0.567 14,448 15.326 1.36 0.2187 0.512960+19
WB-DF-063 
sulphi de
0.124 13.825 14.831 2.40 0.1880 0.512581±32
WB-DK-009A 13.615 10.817
WB-KF-036 13.611 10.789
WB-KF-041A 13.600 10.808
WB-KF-063 13.626 10.799
cri
cr>
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radioactive decay of uranium and thorium is radiogenic lead
(Hamilton, 1965).
The Holmes-Houtermans* model accounts for the isotopic com­
position of any given sample of common lead in terms of a single-
stage history, in which PbZ04  ̂ Pb206, and Pb̂ OB are
measured. I t  assumes that lead is produced by radiogenic decay
in the source region and that the resultant common lead (primeval
plus radiogenic) is then separated from its parents and incor­
porated into sulphide assemblages or other rock-forming minerals
(especially K-feldspar and b io t i te ) .  The isotopic composition of
the lead does not change because the lead is isolated from the
radioacti ve system.
The equations for the isotopic ratios of common lead
according to the Holmes-Houtermans* model are:
ZOGpb = ao ^
5 ^  .  b. *  ^ ____ ( e V . e V )
^^Gpb 137.8
The most recent and reliab le  values for the constants are given
by Tatsumoto et a l . ,  (1973):
t = the age of the basaltic samples
.  = 206-. .  ^ 207p.
o n / - -  = 9.307 + 0.006 « 7 ^  = 10.294 + 0.006204pb -  204p^
where a and bo the isotopic ratios of primeval lead at
time T,
68
T = age of the earth = 4.555 + 0.004 X 10  ̂ y
A  1 = decay constant of = 1.537 x 10"^ \'^
X z  -  decay constant of = 9.72 x lO'^^y"^
The separation procedure for extraction of lead from the
samples is given in Appendix 4. All six samples were analyzed 
using a whole-rock powder and 4 of the 6 (036, 041 A, 063, and
009A) were analyzed using only primary sulphides picked from
crushed samples. The whole-rock samples each produced a unique
point along the chord in Figure 31. This is due to each sample 
having a d ifferent in i t ia l  uranium content. The four sulphide
samples each produced points that cluster around a single point,
due to isolation of Pb from the system within the sulphide 
assemblage. The common point is the average/devalue (Figure 31).
is 8.451 2  0.003. The slope of the isochron or chord gives 
the age of the basaltic samples. The slope is 1.0347. Solving 
equations 1 and 2 for t ,  the age of the samples is 2.65 _+ 0.05
AE.
Sm/Nd Isotopic Model
The decay of 147%, to 143Nd allows 143^4/144%^ ^o be used to 
trace the system through geologic time and processes. Nd and Sm 
are not fractionated during any metamorphic processes; therefore, 
Nd/Sm isotopic studies provide a valuable tool to study Archean 
systems (DePaolo and Wasserburg, 1978). DePaolo (1978) deter­
mined that Archean rocks, sampled from a wide area, l ie  close to 
the chondritic Sm/Nd growth curve (Figure 32.) This implies a 
homogeneous upper mantle during much of the Archean.
207,
16.00- •
Composite Isochron
Traverse Isochroi
15.50 - •
^ = 8 .4 51
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y
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Figure 31'Lead isochron for basaltic samples, Wabigoon area
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RHO= diabase, Great Dyke Rhodesia 
RN3=granodiorite, Superior Province 
OG G = Amits/2 q̂ gneiss, Greenland.
Figure 32- Evolution of '^^Nd/'^'^Nd isotopic system 
from reservoir with chondritic S m /N d .
(after DePaolo, 1978, p.2l8).
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Table 6 contains the measured isotopic values for the six
samples. The analytical procedure for the separation of Nd and 
Sm is in DePaolo (1978), Appendix 5. When 143^^/144^^ plotted 
against ^^^Sm/^^^Nd for the six basaltic samples, they form a
linear array (Figure 33). This spread of data points is due to 
varying in i t ia l  Nd and Sm concentrations. The slope of the array
is 0.0172 +_ 0.0003. This value can be used in a simplified
equation to determine the age of the samples: 
slope = e (A)T -  1, where T is the age and ]\(147sM) = 0.00645AE“  ̂
The calculated age of the samples is 2.61 _+ 0.06 AE.
Conclusions
Both ages calculated from the two geochronol ogical methods
agree within lim its of error. This indicates l i t t l e  metamorphic 
affect on the Pb isotopic system. Therefore, 2.63 0.08 AE is
probably the date of basaltic volcanism within the Wabigoon
Subprovince. Combining this date with those calculated for the 
synorogenic granitic batholiths, the entire period of volcanism, 
batholithic emplacement with its  accompanying deformation and 
metamorphism, intermediate volcanism, and volcaniclastic sedimen­
tation encompassed less than 100 m.y. (Birk et a l . ,  1980, 1981).
Figure 35 il lus tra tes  this geochronologic sequence, which 
includes the isotopic ages of the batholiths.
On Figures 31 and 33 a composite isochron is shown for all
the data points. I f  each traverse is considered individually, 
two ‘ traverse* isochrons are possible. Although these two
(NJ
N
143^d/ ' ' * ' •
0.513 ..
Composite Isochron
Traverse Isochron.
Nd
0.512
AGE= 2.6110.06 AE 
I N I T I A L N d / ' ' ’ '*Nd= 0 .509 I6±  2 4
0.511
0.10 0.15 020
Figure 33: Sm -Nd evolution diagram for basaltic greenstone 
samples from Wabigoon area.
7 3
2.44
] Postorogenic granite plutons No deformation or metamorphism 2.50 1  (Birk et a!., 1980).
I  Deformation & regional metamorphism
(Condie, 1981, p.43).
Bathoiith emplacement (Birk, 1978). 
Greenstone belt development.
2,70
Figure 35= Geochonological summary of the 
Wabigoon Subprovince. Pb and Sm - 
Nd isotopic doto combined with doto 
for Plutonic rocks.
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isochrons are tentative because they fa ll  within the lim it of 
experimental error and are constructed using only a few data 
points, the isochrons do support the hypothesis that two distinct  
basaltic series ex is t. This geochronol ogical finding supports 
the geochemical and f ie ld  data. More careful sampling would 
better define these two isochrons. An increase in geochronol ogi­
cal precision would also better delineate the two isochrons.
CHAPTER 6 
MODELS OF GREENSTONE BELT FORMATION
Introduction
Before previously proposed models of greenstone belt formation 
are reviewed, the geologic, geochemical, and geochronological data 
for the Wabigoon belt will be summarized in a generalized sequence 
of events:
1. extrusion of voluminous low-K th o le i i t ic  basalts 
in a subaqueous 'ocean-floor' environment onto 
'high-grade' s ia l ic  crust
2. extrusion of a basalt-dacite-rhyolite calc-alkaline  
sequence on top of the low-K th o le i i t ic  basalts
3. erosion of the volcanic pile  to produce mafic-to- 
intermediate volcaniclastic sediments
4. d iap iric  emplacement of large, to n a lit ic -to -  
trondjhemitic batholiths
5. batholithic emplacement increases the metamorphic 
grade, emparts a localized down-dip mineral
lineat ion, and infolds the volcanic pile  into 
structural basins.
6. emplacement of small, undeformed plutons of high-K 
granites and syenodiorites
7. erosion
8. intrusion of Proterozoic basaltic dikes
9. Mid-Proterozoic transcurrent faulting with formation 
of the mylonite zones along the Quetico fau lt .
10. erosion
When a model is proposed i t  must explain all of these events.
Three major groups of evoluntionary models have been proposed 
to explain the greenstone belts of the world: (1) the classical,
(2) the plate tectonic, and (3) the extra -terrestria l (Windley,
75
76
1976, 1977), The classical models envision the greenstones as
accumulating within 'downwarps' on unstable portions of a thin 
simatic lithosphere. As the volcanic pile thickened and down- 
warping continued, granitic  diapirs generated in a zone of ana- 
texis within the infracrustal root zones would migrate upward and 
intrude the volcanic-sedimentary pile  (Glikson, 1978), In these
models, the ultramafic-mafic basal portions of the volcanic pile  
are thought to be re l ic t  primordial simatic crust (Glikson and 
Lambert, 1976), But, komati ites and other 'prim itive' tholei ites ,
the major constituents of the lower portion of greenstones, are 
not unique to the Archean and have been identified in younger fold 
belts such as the: Rocas Verdes complex, Chile (Tarney et a l , ,
1976) and Cape Smith Range, Quebeck (Schwartz et a l , ,  1977), The 
downwarping of the lithosphere in the classical models is a t t r ib ­
uted to isostacy adjustments within the earth's gravitational 
f ie ld  and not related to tectonic subduction or plate motion.
Five models equate the environment of greenstone-bel t  for­
mation to modern plate tectonic analogues. Goodwin and Ridler 
(1970) envisioned greenstone belts as volcanic complexes forming 
in a r i f t  system. This r i f t in g  of s ia lic  craton occurred in areas 
of thermal in s ta b il i ty ,  perhaps over upwelling mantle plumes. 
Other models include greenstone belts as remnants of primitive
island-arc systems (Talbot, 1973; Windley, 1976 and 1977; Tarling, 
1978), as ophiolite-melange sequences obducted onto the
'continental' plates as with the Fransican complex (Dewey, 1976), 
and as mega-shear couples affixed to the edges of the growing thin
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lithosphere (Anhaeusser, 1973; Talbot, 1973; Rutland, 1973). An 
additional model relates greenstones to marginal back-arc 
spreading centers (Karig, 1976; Windley, 1976; Burke et a l . ,  1976; 
Tarney et a l . ,  1976).
Most of the plate tectonic models use only one tectonic 
environment for belt development and apply i t  throughout a ll of 
the Archean, This one environment approach does not explain the 
two chemically distinct basalt types with the overlying calc- 
alka lic  sequence present In the Wabigoon belt, nor the wide range 
of greenstone belt ages throughout the world. I t  is improbable 
that one environment would be static  for 1.2 b il l io n  years. 
Another shortcoming is the models fa ilure  to explain the high- 
grade terra i ns.
Due to the time equivalence of some early greenstone ages and 
the formation of lunar maria (geochronological ages of Apollo 
lunar samples), some have proposed an impact-triggered origin for 
greenstone belts (Green, 1972). Experimental data for the for­
mation of perido tit ic  komatiites suggests temperatures of the 
magma to be 1600-1650°C and a high-degree of partial melting of 
the mantle (60-80%: Green et a l . ,  1975). This would require
mantle depths of 200 km. For magmas to rise to the surface from 
that depth without fractionating might require impact-triggered 
intense mantle melting and subsequent diapiric rise.
Several problems must be considered with the extraterrestria l 
model. Most greenstones are younger than the date of the latest  
phase of meteoritic lunar bombardment and Green and others (1975)
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considered 60-80% partial melting only under anhydrous conditions. 
The pyrolite  melting temperature would be decreased in proportion 
to the amount of water present during melting (Hyndman, 1972).
The major objection to formation of greenstone belts by impact 
melting is the absence of maria equivalents in the Archean cratons 
of existing continents. The primary greenstone xenoliths Glikson 
(1976) proposed as remnants of te rrestria l maria are probably 
re l ic t  pieces of older greenstone-belts or pieces of in i t ia l  sima­
t ic  crust. I t  is doubtful that meteoritic bombardment continued 
much past 4 .0 -3 .8  AE ago. Therefore, greenstone ages of 2.6-2.8  
AE, similar to those of the Superior Province, probably are not 
remnants of te rres tr ia l maria.
Evoluntionary Model for the Wabigoon Subprovince
To adequately evaluate any potential model for greenstone belt 
formation all f ie ld  observations, geochemical data, and geochrono- 
logical constraints must be considered. A l is t  of these 
constraints follows:
1. The Superior Province is characterized by alternat­
ing belts of high-grade and low-grade terrains.
2. The Wabigoon Subprovince is a typical greenstone-
granite terrain  composed of basaltic through 
rhyo lit ic  volcanic rocks and large, synorogenic 
granodioritic batholiths, with an overall green- 
schist facies metamorphic grade.
3. The overall structure is synclinal complicated by large
transcurrent, s tr ike -s lip  fau lts .
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4. The major movement appears to be vertical during 
bathoiith emplacement as evidenced by down-dip 
l ineations within the surrounding country rocks 
and by the concentric arrangement of the foliations 
within the injection migmatite complexes.
5. Minor sub-horizontal forces may have formed the style 
folds in the volcanoclastic sediments and pyroclastic 
rocks prior to in i t ia l  stages of bathoiith emplacement,
6. In i t ia l  mafic lavas are tholeiites but give way to 
more fe ls ic  calc-alkaline volcanic a f f in i t ies  with 
increased stratigraphie height in the volcanic 
sequences.
7. All mafic volcanic rocks are massive flood style 
basalts or thick sequences of subaqueously erupted 
pillow basalts.
8. With increasing strati  graphic height, fe ls ic - to - in te r -  
mediate subaqueous and subaerial pyroclastic rocks 
and immature turbidity sequences dominate.
9. All large batholithic complexes have extensive injec­
tion migmatitic boundaries, usually 1-10 km wide.
10. These batholiths are responsible for local increases 
in the metamorphic grade to the upper amphibolite 
faci es.
11. Most of the batholiths are foliated and contain 
multi-phase injections.
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12. Late postorogenic plutons of high-K granite and
syenites have discordant sharp contacts, do not 
increase the metamorphic grade of the country 
rocks, and are re lat ive ly  undeformed.
Various tectonic settings may have existed during the later  
portion of the Archean. Its possible that different greenstone 
belts formed in different environments throughout the 3.8-2.5 AE 
time period. The model which best explains the Wabigoon
Subprovince is development of basaltic volcanism without a r i f t  
system above an ascending mantle plume (Figure 34). The in i t ia l  
r i f t  would be caused by a major upcurrent in the mantle with 
greenstone formation isolated over individual 'hot spots' along 
the upcurrent. Rifting would provide avenues for low-K th o le i i t ic  
basalts to migrate upward, as large subaqueous flood basalts. 
Closure of the r i f t  with in i t ia t ion  of subduction would generate a 
calc-alkaline basalt-to-rhyolite sequence.
Heat from the ascending basaltic magmas would part ia l ly  melt
the crust. The melts would coalesce and form the large 
batholiths.
Continued underplating by 'granit ic '  batholiths would isosta- 
t ic a l ly  raise the r i f t  zone. Erosion would denude the upper por­
tions of the greenstone belt ,  carrying vol canid astic sediments 
into the bordering basins. Parallel basins which undergo r i f t ing
f i l l  with basalt, subside, part ia l ly  melt, and are subsequently
intruded by diapiric  batholiths become linear belts of the
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Superior Province. Goodwin (1977) explains the linear belt pat­
tern within the Superior Province by multiple r if t ings above "hot 
lines" over upcurrents which cause r i f t in g  of the s ia l ic  crust.
CHAPTER 7 
CONCLUSIONS
Previous models for the formation of Archean greenstone belts 
are constructed from only a few pieces of evidence. Most authors 
have looked at only a portion of a belt and then attempted to 
explain the entire regional history. The model proposed here for 
the origin of Wabigoon Subprovince is developed from the f ie ld  
observations, geochemical and geochronological data obtained 
during this investigation and summarized in Figure 36.
Although plate tectonic models for Archean crustal development 
are in vogue today, no one model seems to f i t  the study area. 
Plate movement, plate fragmentation, lithosperic thinning and
thickening, and mantle convection probably took place during the 
Archean. The proposed model has a developing mantle plume beneath 
a sialic-gneissic crust (Figure 34, 1). A r i f t  develops in the 
s ia l ic  crust, producing avenues for low-K th o le i i t ic  basaltic 
magmas. These basalts are extruded in a subaqueous environment, 
building up massive pillowed flood basalts (Figure 34, 2a).
Rifting in another area or the collision of two Archean micro 
continents would possibly force the ' r i f t '  closed and in i t ia te
subduction. Partial melting of the upper mantle along the sub­
ducting slab would produce the calc-alkaline basaltic magmas. 
Contamination of the ascending calc-alkaline basaltic magma with
crustal material would produce the intermediate-to-fel sic calc-
alkaline volcanic rocks. This calc-alkaline basalt-dacite- 
rhyol i te  sequence would form within an 'arc' environment (Figure 
34, 2b).
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from field, geochemical, and geachron- 
ological data.
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Th6 ascending basaltic melts would add heat to the lower crust, 
pa r t ia l ly  melting i t .  These partial melts would coalesce forming 
large masses of 'granit ic '  magma that would rise d iapir ical ly  
(Figure 34, 3) .  Bathoiith emplacement would increase the meta­
morphic grade, as well as, drag pieces of lower crustal country 
rocks upward. As the batholiths move up, they would shoulder 
aside the overlying volcanic rocks forming structural synformal 
troughs.
Continued underplating of the arc area with ton a l i t ic - to -  
trondjhemitic batholiths would isostatically raise i t .  Erosion of 
the upli fted greenstone-granite rocks would produce immature 
vol caniclastic sediments of mafic-to-intermediate composition. 
These sediments would be deposited within the intervening struc­
tural basins, where they would be reworked by turbidity currents.
The entire sequence: r i f t  low-K th o le i i t ic  basalts, arc calc-
alkaline basalts with intercalated calc-alkaline intermediate-to- 
fel sic volcanic rocks, volcaniclastic sediments, and granitic  
batholiths would l i e  in a linear trough between two pieces of 
s ia l ic  gneissic crust. These linear troughs would represent the 
low-grade terrains within the high-grade sia l ic  gneissic basement. 
Alternating high- and low-grade would produce the linear array of 
superbelts now present in the Canadian Shield. The entire process 
of r i f t in g ,  closure with arc development and bathoiith emplacement
would encompass only 100 m.y.
This model adequately explains the data from the Wabigoon 
area. I t  may not be consistent with other belts from other shield
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areas in the world. Greenstone belts range in age from 3.42 AE
to the Proterozoic, approximately 1.7 AE of geologic time 
(Windley, 1973). No geologic process would continue unchanged for 
this length of time. Many different processes may have formed the 
greenstone belts: each evolving with time, acting in different
areas, producing volcanic belts from mantle resevoir of varying
composition. Greenstone belts are thus formed in tectonic
environments that change with time producing greenstone-granite 
terrains of varying size, shape, percent of various volcanic rocks
present, and geochemical composition.
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Geochemical Techniques:
Instrumental Neutron Activation, Atomic 
Absorption, and X-ray 
Fluorescence
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APPENDIX 1 
GEOCHEMICAL TECHNIQUES 
Instrumental Neutron Activation
All of the samples were analyzed for 42 elements in a pneumatic, 
automated neutron activation system at the 8-megawatt, Omega West 
Reactor (OWR) at Los Alamos National Laboratory, New Mexico. The 
127 samples were crushed in a tungsten-carbide chipmunk and then 
ground to a 100 mesh powder in a tungsten-carbide shatterbox. A 
stat is t ica l  aliquot of each sample was loaded into a 
4cm̂  hi gh-purity ethylene-butylene copolymer rabbit irradiation  
v ia l .  The sample and vial were then weighed into the computer and 
loaded into a 50-sample c l ip  loader.
Samples are automatically loaded into the graphite thermal 
column of the OWR through a pneumatic CO2 system. The neutron 
flux is monitored using fission-ion chambers placed at each end of 
the thermal column. The samples were in i t i a l l y  irradiated for 20 
seconds, allowed to decay for 10 seconds, and then counted for 5 
seconds by a neutron detector for in i t ia l  U content. A delay 
loader held the samples for 20 minutes to allow the hottest ele­
ments to decay. The samples were then routed to a li thium-drifted  
germanium (G e ( l i )) gamma-ray detector. There 30 second gamma-ray 
counts were done for the short-lived elements (Na, Mg, A1, Cl, K, 
Ca, T i ,  V, Mn, Sr, Dy, and U).
Following the short count, the samples were reintroduced into 
the thermal column of the OWR for the second irradiation. Samples 
were irradiated for 120 minutes and then dumped into a storage
1 0 0
area. After a 5-6 day decay period, the samples were reloaded and 
counted for 30 minutes for the intermediate elements {Ga, As, W,
Cd, Br, Au, and Se). Long-lived elements were counted after a 3-4 
week decay time. The long counting time was 120 minutes, which 
improved sensit iv ity .  The long elements are Sc, Cr, Fe, Co, Zn,
Rb, Sb, Cs, La, Ce, Sm, Eu, Tb, Yb, Lu, Hf, Ta, and Th.
All gamma-ray spectra were recorded on magnetic tape and ana­
lyzed using a PDP-11-60 computer. Analysis of data was performed 
using a computer code that identif ied the gamma-ray peaks from a 
l ibrary f i l e  and calculated the elemental concentration by 
integrating the area under the peak. Blank subtraction is not 
necessary due to the high-purity of the irradiation rabbit vials.
System accuracy and precision was monitored using eleven USGS 
standards (Table 3, Appendix 2).
INAA SYSTEM SUMMARY
12 2Neutron Flux 6x10 n/cra /sec
Irradiation time 20 sec (shorts)
120 sec (intermediates and longs 
Decay time 11 sec (U,DNC)
20 min (shorts)
5-7 days (intermediates)
21 days (longs)
Counting time 30 sec (shorts)
20 min (intermediates)
120 min (longs)
DNC detectors ^He (4atm. 2.5cm-diam x 25cm)
Gamma-ray detectors Ge(li)
Additional references:
(Garcia et a l . ,  1980, Hems ley and Bunker, 1980, and 
Minor, et a l . ,  1982.)
1 0 1
Atomic Absorption Analyses
Si02 and ^2^5 were analyzed using atomic absorption, due to 
the small nuclear cross-section and short gamma-ray half l i f e  
which complicates analysis by INAA. A 0,5 gm aliquot of rock 
powder was fused using lithium metaborate flux in platinum cru­
cibles. This glass was dissolved in concentrated HNO3 acid and 
diluted to 125 ml.
The dissolved samples were introduced into a Perki n-Elmer 
Atomic Absorption unit with a nitrous oxide/acetylene flame and 
standard element parameters. Dr if t  of the system was monitored 
using BHVO-1 a USGS standard rock after each four samples. The 
aspirator was continuously cleaned with high-purity d is t i l le d ,  
deionized water. Accuracy of the system was 5% determined using 
eleven USGS standards (Table 4, Appendix 2).
X-Ray Fluorescence
Y, Nb, and Zr were analyzed using x-ray fluorescence (for the 
basaltic samples from the two sample traverses. Table 8 , Appendix 
2).  These samples were necessary for the trace-element discrimi­
nation diagrams (Chapter 4) .  2 gm aliquots of whole-rock powder
were compressed into disks and run through an automated xrf  system 
at CNB-1, Los Alamos National Laboratory. Precision of the system 
was monitored at 3% using USGS standard BCR-1* Accuracy of the 
system was + 1 ppm for all the samples and the BCR-1 standard.
1 0 2
APPENDIX 2
Geochemical Results for 
Samples and Standards
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TABLE 2
Combined data from INAA, XRF, AA
WB-DK-•OOIA WB-DK -OOIB WB-DK--002
Si02 (%) 71 13 50.-w 63.98
Ti02 2100 ± 400 12800 + 600 4600 + 400
AI2O3 (%) 14.8 + 0.4 13.3 + 0.3 15.2 ± 0.4
Total Fe* (%) 2.41 ± 0.05 11.3 ± 0 .1 4.23 ± 0.06
MnO 177 ± 3 2270 20 352 ± 5
MgO (%) < 0.3 7.6 ± 0.3 2.1 + 0 .1
CaO (%) 0.9 + 0 .2 10.3 4* 0.5 2.9 + 0.3
Na20 (%) 3.49 + 0.04 3.00 + 0.04 2.75 + 0.03
K 2O (%) 6.7 + 0.4 2.1 + 0.3 7.5 + 0.3
P 2O5 (%) 01.11 0. 17 0.34
Cl < 130 < 200 < 130
Sc 3.12 ± 0.07 30.9 + 0.4 8.9 + 0.1
V 16 + 3 331 + 9 81 + 4
Cr 6 + 1 195 + 4 69 + 2
Co 57.3 + 0.9 47.5 + 0.7 36.4 + 0.6
Cu < 300 < 400 < 300
Zn 25 ± 7 165 ± 8 < 0.1
Ga < 20 < 20 15 + 4
As < 2 < 2 < 2
Se 29 ± 1 < 3 < 2
Br 49 ± 2 10.0 + 0.9 28.0 + 0.8
Rb 240 ± 20 110 + 10 200 + 10
Sr < 200 1000 ± 200 430 + 60
Sb (ppb) < 500 < 400 < 400
I < 20 < 30 < 20
Cs 1.4 + 0.3 4.7 ± 0.4 23.0 + 0.6
Ba 750 + 60 1070 ± 60 880 + 50
La 92.8 + 0.9 62.4 + 0.6 25.5 + 0.3
Ce 197 + 5 118 + 3 56 + 2
Sm 9.0 + 0.4 10.4 ± 0.3 3.9 + 0.1
Eu 0.69 + 0.07 3.0 + 0.1 1.03 + 0.07
Tb (ppb) 440 + 90 800 + 200 < 400
Dy 2.9 + 0.3 5.9 + 0.4 2.2 + 0.2
Yb 3.1 + 0.2 2.3 + 0.3 2.0 + 0.2
Lu (ppb) < 200 < 300 < 200
Hf 7.9 + 0.3 3.2 ± 0.2 3.7 + 0.2
Ta 18.0 + 0.5 1.6 + 0.2 7.8 + 0.3
W 393 + 6 31.8 + 1.0 171 + 3
Au (ppb) < 20 < 20 < 20
Hg (ppb) < 10 < 20 < 10
Th 50.6 + 0.9 11.2 + 0.3 5.5 + 0.2
U 4.13 + 0.03 2.50 + 0.02 0.96 + 0.02
Total % 991.73 IOC1.15 99.66
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe203
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TABLE 2
Combined data from INAA, XRF, AA
WB-DK--003 WB-DK--004 WB-DK--005
Si02 (%) 73I..11 60.04 591.07
Ti02 2400 ± 300 4600 + 400 5400 + 400
AI2O3 (%) 14.7 ± 0.3 15.6 + 0.4 18.1 + 0.3
Total Fe* (%) 1.35 ± 0.04 6.97 + 0.08 5.38 ± 0.05
MnO 210 ± 3 1040 + 10 1370 ± 10
MgO (%) < 0.4 4.6 + 0.2 2.1 ± 0.1
CaO (%) 1.7 ± 0.2 5.9 ± 0.4 7.3 ± 0.4
Na20 (%) 4.26 ± 0.05 3.83 + 0.04 3.42 ± 0.04
K 2O (%) 4.4 ± 0.2 2.5 + 0.3 2.5 ± 0.3
P 2O5 (%) 01.09 0. 18 0.43
Cl < 130 < 120 < 100
Sc 2.46 + 0.05 18.8 + 0.2 12.1 ± 0.2
V 11 + 3 152 + 6 104 ± 5
Cr 11 + 3 306 + 6 26 ± 1
Co 83 ± 1 40.1 + 0.6 32.8 ± 0.4
Cu < 300 < 300 < 300
Zn 50 + 10 < 10 68 ± 4
Ga < 20 < 30 < 20
As < 2 < 3 < 0.9
Se 24 ± 1 < 3 3.0 + 0.3
Br < 3 21 + 1 < 0.9
Rb 110 + 10 80 + 10 52 5
Sr < 200 < 300 < 400
Sb (ppb) < 600 < 600 < 100
I < 20 < 20 < 20
Cs 2.0 0.3 7.4 + 0.4 3.7 + 0.2
Ba 680 + 50 230 + 40 300 + 50
La 39.4 + 0.5 33.3 + 0.5 7.2 + 0.1
Ce 89 + 3 42 + 1 45 + 1
Sm 2.5 ± 0.1 4.9 + 0.2 1.07 + 0.06
Eu 0.67 + 0.06 0.99 ± 0.07 0.91 + 0.04
Tb (ppb) 700 + 200 600 + 100 340 + 50
Dy 1.3 + 0.2 1.6 ± 0.2 2.6 + 0.3
Yb 3.6 0.2 1.7 ± 0.2 1.6 + 0.1
Lu (ppb) < 200 < 300 220 + 20
Hf 3.9 + 0.2 2.5 ± 0.2 3.3 0.1
Ta 28.7 + 0.5 < 0.6 0.90 + 0.07
W 655 + 9 135 + 3 43.1 + 1.0
Au (ppb) < 30 < 20 14 + 2
Hg (ppb) < 10 < 10 < 1000
Th 32.3 + 0.6 4.5 + 0.2 5.1 ± 0.1
U 2.17 + 0.02 1.05 + 0.01 1.21 + 0.01
Total % 99(.58 100. 18 98.94
All values reported in ppm unless otherwise noted
*Total Fe reported as F6 2 0 g
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TABLE 2
Combined data from INAA, XRF, AA
WB-DK--006 WB-DK--007 WB-DK-008A
S102 (%) 52! .66 65.52 71 .73
1102 1800 + 500 5600 + 300 < 700
AI2O 3 (%) 6.2 + 0.3 13.6 + 0.3 15.2 ± 0.3
Total Fe* (%) 13.9 + 0.1 6.47 + 0.07 0.64 ± 0.01
MnO 2150 ± 20 898 + 9 72 ± 1
MgO (%) 18.0 ± 0.5 3.8 + 0.2 < 0.3
CaO (%) 8.7 ± 0.5 5.2 + 0.3 1.8 + 0.2
NazO (%) 0.083 ± 0.006 3.58 + 0.04 4.21 + 0.05
K 2O (%) < 0.5 1.4 + 0 .2 4.2 + 0.3
P 2O5 (%) C 18 0.45 0.07
Cl < 90 < 110 < 120
Sc 41.7 ± 0.5 18.8 + 0.2 0.33 + 0.01
V 159 ± 8 156 + 5 7 + 2
Cr 2650 + 40 249 ± 4 2.0 + 0.5
Co 112 ± 1 48.0 ± 0.6 59.2 + 0.7
Cu < 200 < 200 < 200
Zn < 20 54 + 5 14 + 3
Ga < 9 < 30 < 20
As < 0.9 < 2 < 0.9
Se < 4 4.3 + 0.6 4.9 i 0.3
Br 18.8 ± 0.8 < 3 < 0.8
Rb < 40 120 + 10 74 ± 5
Sr < 400 400 + 60 350 + 60
Sb (ppb) < 200 < 600 < 100
I < 30 < 20 < 10
Cs < 1 19.7 + 0.5 0.9 + 0.1
Ba < 200 380 + 40 1240 + 50
La 0.76 ± 0.09 31.9 + 0.4 2.41 + 0.09
Ce 29 + 1 49 + 1 15.4 + 0.5
Sm 0.85 + 0.04 5.0 + 0.2 0.20 + 0.01
Eu 0.39 + 0.08 1.16 + 0.07 0.33 ± 0.03
Tb (ppb) < 600 < 300 < 130
Dy < 1.1 2.4 + 0.2 < 0.7
Yb < 1.1 2.1 ± 0.2 0.27 + 0.05
Lu (ppb) < 300 < 200 < 30
Hf < 0.7 3.2 + 0.2 2.32 + 0.08
Ta 8.1 + 0.3 1.6 ± 0.1 1.97 + 0.09
W 137 + 2 309 + 5 127 + 2
Au (ppb) < 1000 32 + 8 < 1000
Hg (ppb) < 20 < 10 < 1000
Th < 0.8 6.2 + 0.2 2.96 ± 0.08
U 0.079 ± 0.004 1.40 + 0.02 1.33 ± 0.02
Total % 991.77 100.73 97.(57
*Total Fe reported as Fe203
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TABLE 2
Combined data from INAA, XRF, AA
WB-DK-008B WB-DK-009 A WB”DK~009B
Si02 (%) 651.:72 52.159 51 .98
TiOz 4200 + 300 11700 + 500 13000 + 600
AI2O3 (%) 17.2 0.4 13.4 + 0.3 15.2 + 0.3
Total Fe* (%) 3.91 + 0.05 14.3 ± 0.1 13.8 + 0.1
MnO 779 + 8 2250 + 20 2550 + 20
MgO (%) 1.1 + 0.1 3.9 + 0.2 3.5 + 0.2
CaO (%) 4.0 + 0.3 11.7 + 0.5 11.3 + 0.5
N&20 (%) 4.74 ± 0.05 2.00 + 0.02 3.43 0.04
K 2O (%) 1.7 ± 0.2 < 0.6 < 0.8
P 2O 5 (%) C 39 0.:31 0.32
Cl < 140 510 + 40 590 + 70
Sc 7.1 ± 0.1 43.3 + 0.5 40.6 ± 0.5
V 71 + 4 353 + 8 380 ± 9
Cr 13 ± 1 107 + 2 97 ± 2
Co 12.4 ± 0.3 59.0 + 0.6 50.1 ± 0.6
Cu < 300 < 300 < 400
Zn 111 + 5 < 9 < 10
Ga < 20 < 10 < 20
As < 2 < 0.7 < 0.8
Se < 1.7 < 2 < 2
Br 9.9 + 0.9 2.1 + 0.2 4.7 ± 0.4
Rb 51 + 6 < 20 < 20
Sr < 300 < 300 < 400
Sb (ppb) 1100 + 200 < 100 < 100
I < 20 < 20 < 30
Cs 2.5 + 0.2 < 0.6 < 0.7
Ba < 100 < 200 < 200
La 9.0 + 0.2 1.28 + 0.05 1.16 + 0.06
Ce 19.0 + 0.7 10.8 + 0.5 10.1 + 0.4
Sm 1.47 ± 0.05 0.84 + 0.03 0.86 + 0.03
Eu 0.63 ± 0.05 1.09 + 0.05 0.79 + 0.04
Tb (ppb) < 300 < 300 500 + 60
Dy < 0.8 4.8 ± 0.3 4.4 + 0.3
Yb 1.0 ± 0.2 2.6 ± 0.1 3.2 + 0.1
Lu (ppb) < 100 420 ± 30 480 + 30
Hf 3.6 ± 0.1 2.3 ± 0.1 2.4 + 0.1
Ta 1.5 ± 0.1 0.7 ± 0.2 0.7 + 0.1
W 35 ± 1 20.2 ± 0.6 21.0 ± 0,6
Au (ppb) < 20 9 ± 1 11 + 1
Hg (ppb) < 1000 < 1000 < 1000
Th 2.2 ± 0.1 < 0.3 < 0.3
U 1 .81 ± 0.02 0.151 ± 0.005 0.218 + 0.006
Total % 99 L8 99.03 100.:36
All values reported in ppm unless otherwise noted
*Total Fe reported as F6 2 0^
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TABLE 2
Combined data from INAA, XRF, AA
WB-DK-009C WB-DK-009D WB-DK-009E
Si02 (%) 71 .81 75.68 80.07
Ti02 2000 + 300 1700 + 400 < 600
AI2O 3 (%) 13.6 + 0.3 13.3 ± 0.3 9.7 ± 0.3
Total Fe* (%) 1.30 + 0.03 1.23 + 0.03 0.26 ± 0 .01
MnO 222 + 3 206 + 3 30.0 ± 0 .8
MgO (%) 0.36 + 0.09 < 0.4 < 0.3
CaO (%) 2.7 + 0 .2 1.5 ± 0 .2 0.44 ± 0 .10
Na20 (%) 5.72 + 0.06 4.78 + 0.05 3.89 ± 0.04
K 2O (%) 0.5 + 0 .1 2 .6 + 0 .2 3.2 ± 0 .2
P2O5 (%) C1.;28 0. 19 0.11
Cl < 130 < 200 140 ± 50
Sc 1.08 + 0.03 1.21 + 0.03 0.39 ± 0.02
V < 7 < 7 < 5
Cr < 3 104 + 3 < 3
Co 52.0 ± 0.7 61.4 ± 0.8 54.3 ± 0.8
Cu < 300 < 300 < 200
Zn 26 ± 4 106 ± 7 < 0.07
Ga < 40 < 20 < 30
As < 4 < 2 < 3
Se 4 + 1 2.7 + 0.5 < 1.0
Br < 4 < 2 89 ± 2
Rb < 20 57 + 9 38 ± 6
Sr 580 + 80 < 200 < 200
Sb (ppb) < 900 < 500 < 600
I < 20 < 20 < 10
Cs 4.5 + 0.2 4.1 + 0.2 2.4 ± 0.2
Ba 430 ± 40 720 + 40 190 ± 30
La 115 + 1 64.2 + 0.6 3.8 ± 0.3
Ce 160 + 5 124 + 3 6.1 ± 0.4
Sm 5.3 + 0.3 3.6 + 0.1 1.08 ± 0.06
Eu 1.25 + 0.06 0.82 + 0.05 ND
Tb (ppb) < 200 < 300 < 200
Dy 1.3 + 0.2 1.5 + 0.2 1.2 ± 0.1
Yb 0.8 + 0.1 2.9 + 0.2 0.91 ± 0.10
Lu (ppb) < 200 < 100 < 100
Hf 2.8 + 0.1 3.2 + 0.1 1.5 + 0.1
Ta 2.4 + 0.2 21.8 + 0.4 3.1 ± 0.2
W 641 + 9 455 ± 6 688 ± 10
Au (ppb) < 30 < 20 < 20
Hg (ppb) < 1000 < 1000 < 1000
Th 17.9 + 0.4 16.2 + 0.3 5.2 ± 0.2
U 1 .49 + 0.02 1.49 + 0.02 3.41 ± 0.02
Total % 961.08 99.26 97.48
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe2Û3
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TABLE 2
Combined data from INAA, XRF, AA
WB-DK-009 F WB-DK-009 G WB-DK-009H
SiOz (%) 73, .86 76.95 4G 31
TiOz 1900 + 300 17 00 + 300 6700 + 800
AlzOg (%) 13.5 + 0.3 13.6 + 0.3 15.0 + 0.4
Total Fe* (%) 0.67 ± 0.03 1.26 + 0.03 14.0 + 0 .1
MnO 92 + 2 156 + 2 2700 + 20
MgO (%) < 0.4 < 0.3 5.8 + 0.3
CaO (%) 0.9 + 0 .1 0.5 0.1 13.4 ± 0.7
NazO (%) 4.84 + 0.05 4.91 + 0.05 0.51 ± 0 .0 1
KzO (%) 4.1 + 0 .2 3.1 + 0 .2 1.3 ± 0.3
P 2O5 (%) 01.:10 0 .13 0.37
Cl < 130 < 120 < 120
Sc 1.45 + 0.04 2.34 0.05 49.9 ± 0 .6
V < 7 < 6 290 ± 10
Cr < 4 10 ± 1 308 ± 6
Co 75.4 ± 1.0 58.2 + 0 .8 50.8 ± 0 .8
Cu < 300 < 300 < 300
Zn < 10 21 + 4 440 ± 10
Ga < 20 < 40 < 10
As < 2 < 3 < 1.0
Se < 1 .0 < 0.5 < 4
Br 88 + 2 < 3 4.0 ± 0.4
Rb 90 ± 10 90 + 10 190 ± 20
Sr < 200 < 200 < 400
Sb (ppb) < 600 < 700 < 300
I < 20 < 10 < 30
Cs 6.3 ± 0.3 5.2 + 0.3 12.9 ± 0 .6
Ba 1000 + 60 960 + 50 < 200
La 21.3 + 0.3 37.6 + 0 .6 2 .0 ± 0 .1
Ce 50 + 2 68 + 2 31 ± 2
Sm 2.3 + 0 .1 3.6 + 0.1 1.07 ± 0,05
Eu 0.54 + 0.06 0.56 + 0.05 0.49 ± 0.08
Tb (ppb) < 400 < 200 < 600
Dy 1.3 ± 0 .2 2 .1 + 0 .2 1.8 ± 0.4
Yb 3.7 ± 0 .2 1.1 + 0 .2 2 .2 ± 0.3
Lu (ppb) < 200 < 200 700 ± 100
Hf 2.4 ± 0 .1 2 .8 + 0 .1 1.4 ± 0.3
Ta 25.4 ± 0.5 3.4 + 0 .2 < 0.9
W 628 ± 8 673 + 9 25.7 ± 0.9
Au (ppb) < 30 < 30 90 ± 6
Hg (ppb) < 10 < 1000 < 20
Th 8.9 + 0.3 12.2 + 0.3 < 0.7
U 1 .79 + 0 .0 2 2.05 ± 0 .0 2 0 .1 1 2 ± 0.005
Total % 97 .90 100.46 99.76
Ail values reported in ppm unless otherwise noted
*Total Fe reported as Fe2Û3
no
TABLE 2
Combined data from INAA, XRF, AA
WB-DK--010 WB-DK-Oil WB-DK-OllB
Si02 (%) 581.85 47 .04 50.44
Ti02 12500 + 600 15400 + 600 14200 + 700
AI2O 3 (%) 12 .8 + 0.3 16.6 ± 0.4 14.0 + 0.4
Total Fe* (%) 12.7 0 .1 17.4 + 0 .2 15.5 + 0 .2
MnO 2550 ± 20 2430 ± 20 2500 ± 20
MgO (%) 3.7 + 0 .2 5.2 + 0 .2 4.0 + 0 .2
CaO (%) 7.5 + 0.4 9.2 + 0.5 11.1 ± 0.5
Na20 (%) 1.37 + 0 .0 2 2.50 + 0.03 2.47 + 0.03
K 2O (%) 0.8 ± 0 .2 < 0 ,8 < 0.7
P 2O5 (%) 01.25 0.33 0.31
Cl 360 + 40 < 200 < 200
Sc 35.3 + 0.5 45.1 + 0 .6 42.6 + 0 .6
V 289 + 8 480 + 10 440 + 10
Cr 92 + 3 108 ± 4 108 + 4
Co 54.7 ± 0.7 282 ± 3 91 + 1
Cu < 300 < 400 < 400
Zn < 20 < 8 < 20
Ga < 12 19 ± 4 < 20
As < 1.1 6.5 + 0.5 < 2
Se < 1.0 < 1.0 < 2
Br < 1.3 65 + 1 < 2
Rb 70 + 10 < 60 < 40
Sr < 400 < 400 < 500
Sb (ppb) < 300 < 400 < 400
I < 20 < 30 < 30
Cs ND < 1 < 1
Ba < 200 < 200 < 200
La 9.5 + 0.2 6.5 + 0.2 5.9 + 0.2
Ce 22 ± 1 17 + 1 21 + 1
Sm 3.3 ± 0.1 3.9 + 0.1 3.5 + 0.2
Eu 1.17 i 0.08 1.27 + 0.10 1.18 + 0.09
Tb (ppb) 800 + 100 < 800 < 600
Dy 6.4 + 0.4 5.5 + 0.4 5.4 + 0.5
Yb 3.9 ± 0.3 5.5 + 0.3 5.6 + 0.3
Lu (ppb) 510 + 80 600 + 100 480 t 100
Hf 2.8 + 0.2 2.7 + 0.2 3.0 ± 0.2
Ta 10.3 ± 0.3 18.8 + 0.4 17.4 + 0.4
W 210 + 3 479 ± 6 321 + 4
Au (ppb) < 10 < 20 < 20
Hg (ppb) < 20 < 20 < 20
Th 1.1 + 0.2 1.2 + 0.3 < 0.8
U 0.386 ± 0.009 3.97 + 0.03 0.184 + 0.006
Total % 99».45 991.38 98.78
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe2Û3
m
TABLE 2
Combined data from INAA, XRF, AA
WB-DK-- 0 1 2 WB-DK--013 WB-DK-013A
Si0 2 (%) 5C1.01 72:.57 631.92
Ti0 2 7800 + 800 < 800 10 100 ± 500
AI2O 3 (%) 16.1 + 0.5 15.0 0.3 13.0 ± 0.3
Total Fe* (%) 12.3 + 0 . 1 0.62 + 0 . 0 2 9.0 ± 0 . 1
MnO 2080 ± 20 304 + 4 1580 ± 10
MgO (%) 4.4 ± 0.3 < 0.3 2 . 6 + 0 . 2
CaO (%) 12.9 ± 0.7 1 . 0 + 0 . 1 1.9 + 0 . 2
NazO (%) 2.60 + 0.04 5.08 + 0.05 3.89 + 0.04
K 2O (%) < 0.7 4.2 + 0 . 2 3.9 + 0.3
P 2O5 (%) 01.36 0.35 C1.34
Cl < 2 0 0 < 120 < 2 0 0
Sc 39.1 + 0.5 0.93 + 0 . 0 2 < 0.05
V 260 + 10 < 6 108 + 6
Cr 317 + 7 < 2 < 5
Co 61.3 + 0.9 6.4 + 0 . 2 52.8 + 0.7
Cu < 400 < 300 < 300
Zn < 20 19 ± 3 < 4000
Ga < 20 < 20 < 30
As 8.2 + 0.7 < 2 < 3
Se < 4 < 1.0 30.4 0.9
Br 13.9 + 0.8 8.2 + 0.6 < 3
Rb < 40 103 + 7 220 + 10
Sr < 400 390 + 80 < 300
Sb (ppb) < 400 700 + 100 < 600
I < 30 < 10 < 20
Cs ND 1.9 + 0.1 < 0.7
Ba < 200 1260 + 50 720 ± 50
La 3.5 + 0.2 3.3 + 0.1 23.1 + 0.4
Ce 28 + 2 6.4 + 0.4 < 2
Sm 1.87 + 0.08 0.49 + 0.02 4.1 ± 0.1
Eu 0.8 + 0.1 0.17 + 0.03 0.67 0.07
Tb (ppb) < 600 < 120 320 + 80
Dy 2.0 + 0.3 < 0.7 < 1.0
Yb 2.0 + 0.3 0.75 + 0.09 < 0.6
Lu (ppb) < 300 < 70 < 200
Hf 1.8 ± 0.3 1.04 0.07 < 0.4
Ta 2.9 + 0.2 2.5 ± 0.1 1.7 + 0.1
W 99 + 2 52 + 1 37 5 ± 6
Au (ppb) < 20 < 20 72 + 7
Hg (ppb) < 20 < 1000 < 10
Th < 0.7 0.65 + 0.06 1.8 ± 0.1
U 0.099 ± 0.005 0.204 + 0.006 1.05 + 0.01
Total % 981.99 98.69 99► .36
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe2 0^
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TABLE 2
Combined data from INAA, XRF, AA
WB-DK-013B WB-DK-013C WB-DK-013E
Si0 2 (%) 71 36 6 6 .17 76.57
Ti0 2 2 2 0 0 ± 300 < 500 < 1000
AI2O3 (%) 16.3 ± 0.3 18.5 ± 0.3 14.7 + 0.4
Total Fe* (%) 1.70 ± 0 . 0 2 0.206 ± 0.008 0.51 ± 0 . 0 2
MnO 264 ± 3 23.7 ± 0 . 8 393 + 5
MgO (%) < 0.4 < 0 . 2 < 0.4
CaO (%) 2.4 + 0 . 2 < 0.08 1.3 + 0 . 2
Na20 (%) 5.50 + 0.06 2.37 ± 0.03 5.05 + 0.06
K 2O (%) 2.7 ± 0 . 2 12.5 ± 0.4 4.0 + 0 . 2
P 2O 5 (%) C».11 0 .12 0 .:10
Cl < 100 < 90 < 2 00
Sc 2.44 ± 0.04 0.34 ± 0 . 0 1 1.13 + 0.03
V 24 ± 3 < 4 < 8
Cr 3.0 + 0 . 6 3.1 ± 0 . 6 < 5
Co 44.1 + 0.5 33.2 ± 0.4 17 6 + 2
Cu < 300 < 2 00 < 400
Zn 27 + 3 12 ± 4 < 7
Ga < 20 < 12 < 20
As < 1 . 1 < 0 . 6 < 2
Se 1 . 8 + 0 . 2 14.0 ± 0.5 < 1 . 0
Br < 1 . 1 8 . 1  ± 0.4 < 3
Rb 52 + 4 17 5 ± 6 110 + 10
Sr 440 ± 90 710 ± 60 550 + 100
Sb (ppb) < 2 0 0 < 100 < 600
1 < 20 < 10 < 20
Cs 1.04 + 0 . 1 0 3.0 ± 0 . 1 1.7 + 0.2
Ba 1090 60 19000 ± 400 950 + 50
La 3.7 0.1 0.56 ± 0.07 3.9 + 0.2
Ce 21.0 + 0.7 < 0.7 7.7 + 0.7
Sm 0.38 + 0.02 < 0.02 0.51 + 0.03
Eu 0.44 + 0.03 0.23 ± 0.02 0.22 + 0.07
Tb (ppb) < 200 < 100 < 500
Dy < 0.8 < 0.6 < 0.9
Yb 0.46 ± 0.08 < 0.2 7.5 + 0.3
Lu (ppb) < 50 < 40 < 200
Hf 2.79 + 0.09 < 0.1 1.6 ± 0.1
Ta 1.64 + 0.09 1.17 ± 0.07 64.8 + 0.8
W 109 + 2 67 ± 1 1170 ± 20
Au (ppb) < 1000 < 1000 < 30
Hg (ppb) < 1000 < 1000 < 10
Th 2.61 + 0.08 < 0.1 1.6 + 0.2
U 0 .66 + 0.01 0.112 ± 0.005 0.192 + 0.007
Total % 100».07 101.49 101 .96
Ail values reported in ppm unless otherwise noted
*Total Fe reported as Fe2Û3
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TABLE 2
Combined data from INAA, XRF, AA
WB-KF-■014 WB-KF-015A WB-KF-015B
S102 (%) 63:.06 66.32 56>. ]13
T102 3500 ± 500 3300 + 300 8400 ± 500
AI2O 3 (%) 17.3 + 0.4 16.0 ± 0.4 17.0 + 0.4
Total Fe* (%) 3.54 + 0.06 3.57 ± 0.05 7.47 + 0.08
MnO 474 + 6 468 ± 6 1400 + 10
MgO (%) 1 .6 + 0 .2 1.5 ± 0.1 4.2 + 0 .2
CaO (%) 5.2 + 0.4 4.2 ± 0.3 7.3 + 0.4
Na20 (%) 4.47 + 0.05 4.82 ± 0.05 4.16 + 0.05
K 2O (%) 1 .8 + 0 .2 2.1 ± 0 .2 2 .2 ± 0.3
P 2O5 (%) C1.48 0.44 C1.33
Cl 220 + 30 230 ± 30 < 200
Sc 6.5 + 0 .1 5.67 ± 0.09 17.3 + 0 .2
V 65 + 4 59 ± 4 200 + 7
Cr 23 + 2 23 ± 2 35 + 2
Co 46.6 + 0.7 59.8 ± 0 .8 27.4 + 0.5
Cu < 400 < 300 < 400
Zn 39 ± 6 39 ± 5 115 + 6
Ga < 30 < 40 < 20
As < 2 < 3 < 2
Se < 1 .0 < 2 < 3
Br < 3 < 4 < 2
Rb < 30 39 ± 8 61 + 8
Sr 620 + 90 440 ± 70 1000 ± 100
Sb (ppb) < 500 < 800 700 + 100
I < 20 < 20 < 20
Cs ND ND 3.4 + 0.3
Ba 390 + 60 560 + 50 970 ± 70
La 8.5 ± 0.2 9.7 + 0.3 45.9 + 0.5
Ce 21 + I 18.6 ± 0.8 101 ± 3
Sm 2.2 ± 0.1 3.0 ± 0.2 7.7 ± 0.4
Eu 0.77 + 0.07 0.76 ± 0.06 1.97 ± 0.08
Tb (ppb) < 400 500 ± 100 560 ± 80
Dy 1.7 + 0.2 1.3 ± 0.2 3.7 ± 0.4
Yb 2.3 + 0.2 0.9 ± 0.1 1.7 ± 0.2
Lu (ppb) < 200 < 200 < 200
Hf 2.9 ± 0.2 3.5 ± 0.2 2.6 ± 0.2
Ta 12.3 ± 0.3 2.0 ± 0,2 0.6 ± 0.1
W 29 8 ± 4 571 ± 8 8.0 ± 0.8
Au (ppb) 29 ± 7 < 30 < 20
Hg (ppb) < 10 < 10 < 10
Th 1.1 ± 0.1 1.2 ± 0.1 6.3 + 0.2
U 1.11 ± 0.02 0.65 ± 0.01 1.29 + 0.02
Total % 981.03 991.51 IOC1.06
All values reported In ppm unless otherwise noted
*Total Fe reported as F620 3
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TABLE 2
Combined data from INAA, XRF, AA
WB—KF—015C WB-KF--016 WB-KF-017A
Si02 (%) 65>.!54 70.88 6S! .02
Ti02 3000 + 300 1400 ± 300 4000 + 400
AI2O3 (%) 16.2 + 0.4 15.5 + 0.4 16.0 ± 0.4
Total Fe* (%) 4.59 + 0.06 1.92 + 0.04 2.51 ± 0.05
MnO 555 + 6 314 + 4 482 ± 6
MgO (%) 1 .8 ± 0 .2 0 .6 ± 0 .2 1.0 ± 0 .1
CaO (%) 4.5 + 0.3 2 .2 + 0 .2 3.2 ± 0.3
Na20 (%) 4.85 + 0.05 5.01 ± 0.06 4.80 ± 0.05
K 2O (%) 1.7 + 0 .2 2.5 + 0.3 2.4 ± 0 .2
P 2O5 (%) 01.00 0 .:14 0.34
Cl 250 + 70 < 130 < 100
Sc 8 .8 + 0 .1 2.79 + 0.05 2.74 ± 0.05
V 59 + 4 20 ± 4 29 ± 3
Cr 23 + 2 12 + 1 12 ±- 1
Co 57.7 0 .8 8 .6 + 0.3 60.2 ± 0 .8
Cu < 300 < 300 < 300
Zn < 10 31 ± 4 36 ± 6
Ga < 40 < 20 < 20
As < 3 < 2 < 2
Se 2 1 .6 ± 0.9 2.3 ± 0.3 < 1.0
Hr < 4 9 ± 1 < 2
Rb 50 + 10 101 + 9 60 ± 10
Sr 600 + 100 < 200 530 ± 90
Sb (ppb) < 700 < 500 < 500
I < 20 < 20 < 20
Cs 0.7 ± 0.1 2.6 + 0.2 ND
Ba 560 + 50 740 + 70 480 + 50
La 15.5 + 0.4 14.7 + 0.3 19.4 + 0.3
Ce 28 ± 1 31 + 1 37 + 1
Sm 3.5 + 0.2 1.12 + 0.05 1.32 + 0.05
Eu 0.88 ± 0.06 0.46 + 0.05 0.54 + 0.05
Tb (ppb) < 300 < 200 < 300
Dy 1.5 0.2 < 0.8 1.0 + 0.2
Yb < 0 .6 0.46 + 0.09 2.3 + 0.2
Lu (ppb) < 200 < 100 < 100
Hf 3.3 + 0.2 3.1 + 0.1 2.9 + 0.2
Ta 2.3 + 0.2 1.9 ± 0.1 18.5 + 0.4
W 505 + 8 39 ± 1 370 + 5
Au (ppb) 27 + 7 < 20 < 20
Hg (ppb) < 10 < 1000 < 1000
Th 1.9 + 0.1 5.1 + 0.2 5.7 ± 0.2
U 0.89 + 0.01 1.29 ± 0.02 2.19 + 0.02
Total % 99 .79 98.94 9e;.89
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe203
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TABLE 2
Combined data from INAA, XRF, AA
WB-KF-017B WB-KF-017C WB-KF-017D
Si02 (%) 5C1.09 51 .01 70.90
TiOg 20900 + 800 19600 + 800 < 1000
AI2O 3 (%) 12.9 + 0.4 12.6 ± 0.4 15.2 + 0.4
Total Fe* (%) 17.7 + 0 .2 17.3 + 0 .2 1.83 + 0.05
MnO 3030 + 30 2720 ± 20 226 + 4
MgO (%) 3.6 ± 0 .2 4.2 ± 0 .2 < 0.4
CaO (%) 9.5 0.5 8.7 ± 0.5 2.1 + 0.3
Na20 (%) 2.60 + 0.03 2.62 + 0.03 4.45 + 0.05
KgO (%) < 0.9 0.9 + 0 .2 4.1 + 0.3
P 2O5 (%) C1.33 0 .;32 0.28
Cl 410 + 70 780 + 60 420 ± 60
Sc 41.8 + 0.5 44.5 + 0 .6 2.61 ± 0.06
V 490 ± 10 500 ± 10 18 + 3
Cr 63 i 3 86 ± 4 8 + 2
Co 78.1 + 0.9 65.4 ± 0.9 111 + 1
Cu < 400 < 400 < 300
Zn < 20 < 20 < 9
Ga 18 + 5 < 20 < 20
As < 2 < 2 < 2
Se < 3 < 5 14.4 + 0 .8
Br < 2 < 2 110 + 3
Rb < 40 60 ± 10 90 + 10
Sr < 500 < 500 < 300
Sb (ppb) < 400 < 500 < 600
I < 30 < 40 < 20
Cs 1.5 + 0.4 1.9 + 0.4 < 0 .8
Ba < 200 < 300 980 + 70
La 8.3 + 0 .2 8 .8 + 0 .2 37.3 + 0 .6
Ce 20.3 + 1.0 22 + 1 63 + 2
Sm 4.8 ± 0 .2 4.9 + 0.3 2 .00 + 0.09
Eu 1.48 ± 0.09 1.5 + 0 .1 0.59 ± 0.07
Tb (ppb) 800 ± 100 1400 + 200 < 400
Dy 7.7 ± 0.4 8.3 ± 0.7 < 0.9
Yb 6.3 ± 0.3 5.5 ± 0.4 3.6 ± 0 .2
Lu (ppb) 790 ± 90 800 + 100 < 200
Hf 3.2 ± 0 .2 4.4 + 0.3 3.2 ± 0 .2
Ta 14.0 + 0.4 6.3 ± 0.3 31.8 ± 0 .6
W 216 ± 3 111 + 2 780 ± 10
Au (ppb) < 20 < 20 < 30
Hg (ppb) < 20 < 20 < 10
Th 0.9 + 0 .2 1.3 ± 0.2 9.7 ± 0.3
U 0.198 + 0.007 0.248 + 0.008 3.09 ± 0.03
Total % 981.28 991.94 98.66
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe^Og
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TABLE 2
Combined data from INAA, XRF, AA
WB“KF“017E WB-KF-017F WB-KF-017F'
Si02 (%) 66u71 70.34 63.41
Ti02 2900 + 300 3600 ± 400 5300 + 400
AI2O 3 (%) 16.6 + 0.4 14.3 ± 0.3 17.0 ± 0.4
Total Fe* (%) 2.75 + 0.05 1.84 ± 0.03 4.05 + 0.06
MnO 441 + 5 169 ± 3 926 + 9
MgO (%) 1.3 + 0 .2 < 0.4 1.6 + 0.1
CaO (%) 3.0 0.3 2 .8 ± 0 .2 6.1 + 0.4
Na20 (%) 5.01 + 0.06 8.25 ± 0.08 6.03 + 0.06
K 2O (%) 2 .1 + 0 .2 < 0.4 < 0 .6
P 2O5 (%) C1.11 ND ND
Cl 240 + 40 270 ± 30 < 200
Sc 4.69 + 0.08 3.78 ± 0.06 13.7 + 0 .2
V 32 + 3 19 ± 3 112 + 6
Cr 8 ± 1 < 3 < 5
Co 38.9 ± 0 .6 44.4 ± 0 .6 33.2 ± 0.5
Cu < 300 < 300 < 400
Zn 47 ± 5 18 ± 4 4830 + 70
Ga < 20 < 50 40 + 10
As < 2 < 4 < 3
Se 2.9 ± 0 .6 < 1.5 55 + 2
Br < 2 < 4 44 + 2
Rb 60 + 10 < 20 < 30
Sr < 300 420 ± 80 900 + 100
Sb (ppb) < 500 < 900 < 800
I < 20 < 20 < 20
Cs < 0.6 < 0.4 < 0,7
Ba 470 + 40 < 100 < 200
La 37.4 + 0.4 11.6 ± 0.4 44.3 + 0.6
Ce 69 + 2 18.7 ± 0.7 < 2
Sm 1.97 + 0.06 1.62 ± 0.06 6.8 i 0.2
Eu 0.63 + 0.06 0.75 ± 0.05 1.28 ± 0.08
Tb (ppb) < 300 < 200 < 300
Dy 1.5 + 0.3 1.3 ± 0.2 2.1 + 0.2
Yb 1.6 ± 0.2 0.5 ± 0.1 < 0.6
Lu (ppb) < 200 < 200 < 200
Hf 2.9 + 0.2 3.4 ± 0.1 < 0.4
Ta 10.4 + 0.3 2.4 ± 0.1 1.3 + 0.1
W 301 + 4 464 ± 7 269 ± 5
Au (ppb) < 20 40 ± 10 < 30
Hg (ppb) < 1000 < 1000 < 10
Th 5.2 ± 0.2 4.8 ± 0.2 8.0 + 0.2
U 1.76 + 0.02 0.94 ± 0.01 0.63 + 0.01
Total % 97 .96 97.18 98.72
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe^Og
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TABLE 2
Combined data from INAA, XRF, AA
WB-KF-017 G WB-KF--018 WB-KF--019
Si02 (%) 51 26 63.71 50.99
Ti02 18000 + 700 5100 ± 400 6400 ± 700
AI2O 3 (%) 12.4 t 0.3 16.7 ± 0.4 14.3 + 0.4
Total Fe* (%) 18.1 + 0.2 3.97 ± 0.06 13.7 ± 0.1
MnO 2690 + 20 604 + 7 2410 ± 20
MgO (%) 4.5 + 0.2 1.5 + 0.2 7.1 ± 0.3
CaO (%) 10.1 ± 0.6 4.7 + 0.3 11.7 ± 0.7
Na20 (%) 2.28 ± 0.03 4.40 + 0.05 2.18 ± 0.03
K 2O (%) < 0.8 1.9 + 0.2 < 0.6
P 2O5 (%) C 31 0.44 0.:15
Cl 590 + 50 240 + 50 < 100
Sc 48.3 + 0.6 7.2 ± 0.1 45.4 ± 0.6
V 480 + 10 65 ± 4 290 ± 10
Cr 138 + 4 30 ± 2 255 ± 5
Co 76.5 + 1.0 37.6 ± 0.6 72.7 ± 0.9
Cu < 400 < 300 < 300
Zn < 8 70 ± 5 < 20
Ga 20 + 5 26 ± 7 < 20
As < 1 < 2 < 1
Se 6 ± 1 2.5 ± 0.5 < 3
Br < 2 < 2 16.2 ± 0.6
Rb < 50 70 ± 10 < 40
Sr < 500 600 ± 100 < 400
Sb (ppb) < 400 < 500 < 300
I < 30 < 20 < 30
Cs < 1 1.3 ± 0.2 < 1
Ba < 200 280 ± 50 < 200
La 6.5 + 0.2 36.2 + 0.4 3.2 ± 0.2
Ce 23 ± 1 76 + 2 32 ± 1
Sm 4.4 ± 0.1 3.5 + 0.2 1.89 ± 0.08
Eu 1.7 ± 0.1 0.89 ± 0.07 0.83 ± 0.09
Tb (ppb) 1600 ± 300 < 400 < 500
Dy 8.0 ± 0.5 1.5 + 0.3 3.2 ± 0.5
Yb 5.9 ± 0.3 1.8 ± 0.2 1.9 ± 0.2
Lu (ppb) 650 ± 90 < 200 < 300
Hf 3.6 ± 0.3 3.2 + 0.2 1.4 ± 0.2
Ta 7.5 ± 0.3 7.7 + 0.3 6,5 ± 0.3
W 139 ± 2 206 ± 3 131 ± 2
Au (ppb) < 20 < 20 < 10
Hg (ppb) < 20 < 10 < 20
Th 1.2 ± 0.2 5.2 + 0.2 0.8 ± 0.2
U 0.179 ± 0.006 0.94 ± 0.02 0.122 ± 0.005
Total % 1001.32 97 .97 100. 18
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe2Û3
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TABLE 2
Combined data from INAA, XRF, AA
WB-KF-■020 WB-KF-■021 WB-KF-022A
Si02 (%) 61.34 61.38 72!.62
Ti02 5800 ± 400 6700 700 < 2000
AI2O3 (%) 16.4 ± 0.4 18.9 + 0.5 17 .1 + 0.5
Total Fe* (%) 5.83 ± 0.07 4.43 + 0.07 0 .48 + 0 .0 2
MnO 892 ± 9 722 + 9 2250 ± 20
MgO (%) 2 .2 ± 0 .2 1.3 + 0 .2 < 0.7
CaO (%) 6.3 ± 0.4 5.3 ± 0.4 < 0.5
Na20 (%) 5.04 ± 0.05 6.32 ± 0.07 9.49 ± 0.09
K 2O (%) 2.3 ± 0 .2 3.4 ± 0.4 < 1.0
P 2O5 (%) ND ND ND
Cl < 200 < 200 < 300
Sc 13.0 + 0 .2 12.4 + 0 .2 0. 12 ± 0 .01
V 157 + 6 111 + 7 < 20
Cr 66 + 2 73 ± 3 < 5
Co 22.4 + 0.4 34.9 + 0.6 54 .5 + 0.8
Cu < 300 < 400 < 600
Zn 46 ± 5 63 + 7 120 + 8
Ga < 20 < 30 37 + 8
As < 2 < 2 < 3
Se < 2 < 3 6 .2 ± 0 .6
Br 10.9 + 0.5 < 3 < 3
Rb 39 ± 7 55 ± 9 340 + 20
Sr 1280 ± 90 1200 ± 200 < 500
Sb (ppb) < 400 < 600 < 700
I < 20 < 20 < 40
Cs 2.9 ± 0.3 1.6 ± 0 .2 50 .6 ± 1.0
Ba 910 ± 50 1000 + 90 < 300
La 59.3 ± 0 .6 76.6 + 0.8 1 .3 + 0.3
Ce 125 + 3 156 + 4 6 .5 + 0 .6
Sm 7.4 ± 0 .2 10.4 + 0.4 1.06 + 0.04
Eu 2.37 + 0.09 2.5 + 0.1 ND
Tb (ppb) < 400 < 400 360 + 80
Dy 3.6 + 0.3 2.4 + 0.3 < 2
Yb 1.4 + 0 .2 2.1 ± 0 .2 7 .2 + 0.3
Lu (ppb) < 200 < 200 < 200
Hf 3.4 ± 0 .2 4.7 + 0 .2 6 .4 + 0 .2
Ta 1.5 ± 0.1 5.4 + 0.3 64 .0 0.8
W 52 ± 1 128 ± 2 350 + 5
Au (ppb) < 20 < 20 < 30
Hg (ppb) < 10 < 10 < 10
Th 9.4 ± 0.3 12.6 ± 0.3 4 .3 + 0 .2
U 1.82 ± 0 .0 2 2.98 ± 0.03 16.77 ± 0.07
Total % 100.28 102.00 9/'.45
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe^Og
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TABLE 2
Combined data from INAA, XRF, AA
WB-KF-022B WB-KF--023 WB-KF-024
Si0 2 (%) 65.:39 64.58 52.83
TIO2 4400 ± 500 2 2 0 0 ± 400 1 01 00 + 600
AI2O 3 (%) 15.7 ± 0.4 19.2 ± 0.5 16.0 ± 0.4
Total Fe* (%) 4.06 ± 0.06 3.53 ± 0,05 9.9 ± 0 . 1
MnO 6 8 8 ± 8 482 ± 6 2030 ± 20
MgO (%) 1 . 6 ± 0 . 2 1.3 ± 0 . 2 7.1 + 0 . 2
CaO (%) 4.0 ± 0.3 5.0 ± 0.4 10.4 + 0.5
Na20 (%) 4.36 ± 0.05 5.52 ± 0.06 2.36 + 0.03
K 2O (%) 1.9 ± 0 . 2 1 . 1 ± 0.3 0.7 + 0 . 2
P 2O5 (%) C).:28 0.47 0.45
Cl < 2 0 0 < 100 < 100
Sc 7.8 + 0 . 1 5.51 ± 0.09 24.9 + 0.3
V 66 + 4 49 ± 6 224 + 8
Cr 95 ± 3 8 ± 1 163 + 4
Co 63.2 ± 0.9 1 2 . 6 ± 0.3 49.9 + 0.7
Cu < 400 < 300 < 300
Zn 66 ± 7 10 ± 5 112 + 7
Ga < 20 < 20 < 20
As < 2 < 2 < 1
Se 16 ± 1 < 1 . 6 < 0 . 1 0
Br < 3 7 ± 1 7.0 ± 0.4
Rb 44 + 10 32 ± 8 < 30
Sr 900 + 100 < 300 < 400
Sb (ppb) < 500 < 500 < 300
I < 20 < 20 < 20
Cs 23.6 + 0 . 6 0.7 ± 0 . 2 0 . 8 + 0 . 2
Ba 760 ± 60 310 ± 60 < 2 0 0
La 32.3 + 0.4 8 . 0  ± 0.3 28.0 + 0.3
Ce 80 + 3 18.4 ± 0.7 56 + 2
Sm 4.6 + 0 . 2 1 . 0 1 ± 0.05 5.5 + 0 . 2
Eu 1.25 + 0.08 0.54 ± 0.05 1.74 ± 0.09
Tb (ppb) < 400 < 2 0 0 500 + 100
Dy 1 . 8 + 0.3 < 0.9 5.7 + 0.4
Yb 2.7 + 0 . 2 0.9 ± 0 . 2 2.4 + 0.3
Lu (ppb) < 2 0 0 170 ± 50 < 200
Hf 2.7 + 0 . 2 3.0 ± 0 . 1 2.9 + 0 . 2
Ta 14.0 ± 0.4 1.1 ± 0 . 1 4.0 + 0 . 2
W 333 ± 5 26 ± 1 96 ± 2
Au (ppb) < 20 < 20 27 ± 5
Hg (ppb) < 10 < 1 00 0 < 10
Th 5.8 ± 0 . 2 1 . 2 ± 0 . 1 3.9 ± 0 . 2
U 1 .54 ± 0 . 0 2 0.226 ± 0.007 0.87 ± 0 . 0 1
Total % 981.03 100.93 100.83
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe^Og
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TABLE 2
Combined data from INAA, XRF, AA
WB-KF--025 WB-KF--026 WB-KF--027
Si0 2 (%) 67 25 53.24 50.82
Ti0 2 2 2 0 0 + 300 16000 + 700 11300 + 800
AI2O 3 (%) 14.7 ± 0.4 14.1 ± 0.4 14.3 + 0.4
Total Fe* (%) 2 . 1 0 + 0.04 14.1 + 0 . 1 15.9 ± 0 . 1
MnO 708 + 8 2580 + 20 29 60 + 30
MgO (%) < 0.4 3.1 ± 0 . 2 2.9 + 0.3
CaO (%) 4.7 ± 0.3 1 1 . 8 ± 0 . 6  , 12.3 + 0.7
Na20 (7o) 3.04 + 0.04 2.47 ± 0.03 2.64 + 0.03
K 2O (%) 6 . 8 + 0.3 < 0.7 < 0.7
P 2O 5 (%) C1 .0 0 0.31 0.31
Cl < 100 600 + 60 560 + 90
Sc 3.78 + 0.06 38.6 ± 0.5 38.4 + 0.5
V 26 ± 3 354 ± 10 330 + 10
Cr 8 + 1 78 + 3 57 + 3
Co 2 0 . 8 ± 0.4 61.1 + 0 . 8 55.4 ± 0.7
Cu < 300 < 400 < 400
Zn 8 ± 4 < 20 < 10
Ga < 20 32 ± 10 < 10
As < 2 < 2 < 1
Se < 0.4 < 0.7 < 3
Br < 2 < 2 < 1.5
Rb 95 ± 10 < 40 < 30
Sr < 300 < 500 < 400
Sb (ppb) < 400 < 400 < 300
I < 20 < 30 < 30
Cs ND < 1 < 1.0
Ba 1190 ± 60 < 200 < 200
La 18.2 ± 0.3 7.7 + 0.2 5.1 ± 0.2
Ce 50 + 1 16.5 ± 1.0 15.6 + 0.9
Sm 3.0 ± 0.1 3.9 + 0.2 2.9 + 0.1
Eu 0.93 t 0.06 1.26 + 0.08 1.02 ± 0.07
Tb (ppb) < 300 < 500 < 500
Dy 1.7 + 0.2 5.4 ± 0.5 2.3 ± 0.4
Yb 1.8 + 0.2 4.0 + 0.3 2.0 ± 0.2
Lu (ppb) < 100 460 ± 90 < 300
Hf 2.9 + 0.1 2.5 + 0 . 2 2.3 + 0.2
Ta 5.6 + 0.2 10.2 ± 0.3 < 0.7
W 113 + 2 192 ± 3 4.3 + 0.9
Au (ppb) < 20 < 20 < 10
Hg (ppb) < 1000 < 20 < 20
Th 6.3 ± 0.2 < 0.7 0.7 + 0.2
U 0.96 ± 0.02 0.189 ± 0.006 0.151 + 0.005
Total % 98i.58 100.27 99.95
Ail values reported in ppm unless otherwise noted
*Total Fe reported as Fe2Û3
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TABLE 2
Combined data from INAA, XRF, AA
WB-KF--028 WB-KF--029 WB-KF-030A
SiOg (%) 531.08 54.93 52t.04
Ti02 10200 + 500 15000 + 700 12700 ± 700
AI2O 3 (%) 14.6 + 0.4 15.4 + 0.4 14.1 + 0.4
Total Fe* (%) 13.6 ± 0 .1 11.3 ± 0 .1 14.3 + 0 .1
MnO 2250 ± 20 2120 + 20 2560 + 20
MgO (%) 5.9 ± 0 .2 3.2 + 0 .2 4.1 + 0 .2
CaO (%) 9.8 ± 0.5 8.3 + 0.5 7.6 ± 0.4
Na20 (%) 2.45 ± 0.03 3.86 ± 0.05 3.19 + 0.04
K 2O (%) < 0 .6 < 0 .8 < 0.7
P 2O5 (%) Ci . 3 3 0.30 0 .;14
Cl < 100 < 200 < 200
Sc 33.5 ± 0.4 34.5 + 0.4 33.5 + 0.4
V 333 ± 9 37 0 + 10 350 + 10
Cr 103 3 64 ± 3 40 + 2
Co 57.6 + 0.7 54.3 + 0.8 50.3 + 0.7
Cu < 300 < 400 < 400
Zn < 10 122 + 9 < 20
Ga < 20 < 20 < 20
As < 1 < 2 3.5 ± 0.4
Se < 3 < 4 < 4
Br 9.5 ± 0.5 < 2 < 2
Rb < 30 < 40 < 40
Sr < 400 < 400 < 500
Sb (ppb) < 300 < 400 < 400
I < 30 < 30 < 30
Cs < 1 < 1 < 1
Ba < 200 < 200 < 200
La 4.8 + 0.1 4.0 + 0.2 5.7 + 0.2
Ce < 2 11.7 ± 0.8 15.1 + 0.9
Sm 2.33 ± 0.07 3.0 + 0.1 3.1 + 0.2
Eu 0.82 ± 0.08 1.26 + 0.09 1.08 + 0.08
Tb (ppb) < 500 < 600 1400 + 200
Dy 3.9 + 0.3 5,7 ± 0.4 3.6 + 0.4
Yb 1.8 ± 0.3 3.6 ± 0.3 2.8 ± 0.3
Lu (ppb) < 300 510 ± 90 330 + 80
Hf 2.0 + 0.2 2.4 ± 0.2 2.8 + 0.3
Ta 2.4 ± 0.2 5.2 ± 0.3 < 0.8
W 46 1 79 ± 2 < 2
Au (ppb) 18 ± 5 < 20 < 20
Hg (ppb) < 20 < 20 < 20
Th < 0.6 < 0.7 0.7 + 0.2
U 0.141 ± 0.006 0.158 ± 0.007 0.154 + 0.006
Total % 1001.37 98.:16 97.:25
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe^Og
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TABLE 2
Combined data from INAA, XRF, AA
WB-KF-030B WB-KF--031 WB-KF--032
Si02 (%) 52 .85 56.55 53.96
Ti02 10400 + 800 13000 ± 500 15400 + 600
AI2O 3 (%) 14.3 0.5 13.3 + 0.3 14.0 + 0.3
Total Fe* (%) 16.0 + 0 .2 12.2 ± 0.1 16.0 ± 0 .1
MnO 2760 ± 20 1940 ± 20 2510 + 20
MgO (%) 4.6 + 0.3 4.7 + 0 .2 4.2 + 0 .2
CaO (%) 7.9 + 0 .6 7.8 + 0.4 7.9 + 0.5
Na20 (%) 3,05 ± 0.04 2.45 ± 0.03 2.83 + 0.03
K 2O (%) < 0.7 < 0.5 < 0.7
P 2O5 (%) C1.28 0.31 0.33
Cl < 200 < 130 < 200
Sc 35.9 + 0.5 34.3 ± 0.4 35.1 ± 0.5
V 350 + 10 234 ± 7 369 ± 10
Cr 43 3 59 ± 3 30 ± 2
Co 59.8 + 0 .8 38.7 + 0.5 47.6 ± 0 .6
Cu < 400 < 300 < 400
Zn < 20 157 + 7 15 + 7
Ga < 20 < 10 17 + 3
As < 2 3.3 + 0.3 1.0 ± 0.3
Se < 4 < 3 5.5 ± 0.7
Br < 2 < 1.4 < 1.6
Rb < 40 < 30 < 30
Sr < 500 < 300 < 400
Sb (ppb) < 400 700 + 100 790 + 100
I < 30 < 20 < 30
Cs < 1 < 0.9 < 1.0
Ba < 200 < 100 < 200
La 5.6 ± 0.2 6.2 + 0.1 11.1 + 0.2
Ce 14.4 ± 1.0 14.4 + 0.8 28.9 + 1.0
Sm 2.7 + 0,1 2.95 + 0.09 4.6 + 0.2
Eu 1.1 + 0.1 1.38 + 0.08 1.65 + 0.08
Tb (ppb) 900 ± 200 700 f 100 900 + 100
Dy 3.4 + 0.5 6.3 + 0.4 6.5 + 0.4
Yb 2.5 ± 0.3 3.2 + 0.3 3.4 ± 0.2
Lu (ppb) < 300 < 200 540 ± 80
Hf 2.4 + 0.3 2.6 ± 0.2 4.3 ± 0.2
Ta 2.6 ± 0.2 0.7 + 0.1 0.5 ± 0.2
W 50 + 2 6.5 + 0.6 < 2
Au (ppb) 34 ± 6 < 10 < 10
Hg (ppb) < 20 < 10 < 20
Th < 0.7 < 0.5 1.2 ± 0.2
U 0.147 + 0.006 0.238 + 0.006 0.308 ± 0.007
Total % 991.44 98.23 100. 19
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe2Û3
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TABLE 2
Combined data from INAA, XRF, AA
WB-KF--033 WB-KF--034 WB-KF--035
Si02 (%) 49 .77 50.33 51 .46
TiOz 8500 + 600 12000 + 800 10100 ± 500
AI2O3 (%) 13.7 ± 0.3 13.9 + 0.4 14.7 + 0.4
Total Fe* (%) 12.8 + 0 .1 17.9 + 0 .2 8.85 + 0 .1 0
MnO 2580 + 20 2400 + 20 1550 4* 10
MgO (%) 5.8 + 0 .2 4.8 + 0.3 3.1 ± 0 .2
CaO (%) 13.6 + 0 .6 8 .8 + 0 .6 17.3 + 0.7
NazO (%) 1.95 + 0.03 3.50 + 0.05 4.08 + 0.04
KzO (%) < 0.7 < 0.7 < 0 .6
P 2O5 (%) C1.26 0.33 0.30
Cl < 100 < 200 < 200
Sc 46.1 + 0 .6 35.9 + 0.5 28.8 + 0.4
V 347 + 9 400 + 10 396 ± 10
Cr 70 + 3 18 + 2 41 i 3
Co 52.0 + 0.7 60.5 ± 0 .8 53.9 + 0 .8
Cu < 300 < 400 < 300
Zn < 20 < 20 < 10
Ga < 10 < 20 21 ± 6
As < 1 < 2 < 2
Se < 3 < 4 < 1 .0
Br < 1.5 12 + 1 20.3 ± 0.7
Rb < 30 < 40 < 30
Sr < 400 < 400 < 300
Sb (ppb) 900 + 100 < 400 < 400
I < 30 < 30 < 20
Cs < 1 < 1 < 0.9
Ba < 200 < 200 < 200
La 3.4 + 0 .1 10.1 + 0 .2 6 .1 + 0 .2
Ce 35 + 2 20 ± 1 12,5 + 0.9
Sm 2 .2 + 0 .1 3.1 ± 0 .1 2.30 ± 0.07
Eu 0.82 ± 0.07 1.3 ± 0 .1 1.19 ± 0.08
Tb (ppb) 1000 ± 200 < 600 < 400
Dy 2.9 + 0.4 3.7 ± 0 .6 4.5 + 0.4
Yb 1.3 + 0 .2 2.4 ± 0.3 2.9 + 0.3
Lu (ppb) < 300 < 300 < 300
Hf 1.5 + 0 .2 2 .8 ± 0.3 1.8 ± 0 .2
Ta < 0.7 2.7 ± 0.3 5.5 ± 0 .2
W 6.4 + 0 .8 43 ± 1 127 + 2
Au (ppb) < 10 < 20 < 20
Hg (ppb) < 20 < 20 < 10
Th < 0.7 < 0.7 1.1 + 0.3
U 0.099 + 0.004 0.143 + 0.006 0.157 + 0.006
Total % 98;.2 i 100.21 100.31
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe^Og
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TABLE 2
Combined data from INAA, XRF, AA
WB-KF--036 WB-KF-037 A I'TO—KF“037B
Si02 (%) 5fi.92 53.:11 65.:33
Ti02 13700 + 600 15300 + 700 1600 + 400
AI2O 3 (%) 14.7 + 0.4 15.2 + 0.4 16.2 + 0.4
Total Fe* (%) 10.9 i 0 .1 15.0 + 0 .1 2.29 + 0.05
MnO 2080 + 20 29 0 0 + 30 378 + 6
MgO (%) 2.4 + 0 .2 2.5 ± 0 .2 1.5 + 0 .2
CaO (%) 9.3 + 0 .6 8.5 ± 0.5 2.8 + 0.3
Na20 (%) 3.82 + 0.05 4.39 ± 0.05 6.14 0.07
K 2O (%) < 0 .8 < 0 .8 2 .8 + 0.3
P2O5 (%) C».30 0 .:29 0.46
Cl 910 ± 60 < 200 < 200
Sc 32,7 ± 0.4 39.0 ± 0.5 3.61 + 0.07
V 350 ± 10 350 ± 10 31 + 5
Cr 67 ± 3 120 ± 3 29 + 2
Co 103 ± 1 51.1 ± 0.7 56.3 + 0.8
Cu < 400 < 500 < 400
Zn < 4 < 20 < 12
Ga < 20 22 ± 6 < 30
As < 2 < 2 < 2
Se < 2 3.4 ± 0.9 17.9 + 0.9
Br < 2 < 2 < 3
Rb < 40 < 30 80 + 10
Sr < 500 < 500 800 + 100
Sb (ppb) < 500 < 400 < 500
I < 30 < 40 < 20
Cs < 1 < 1 2.2 + 0.3
Ba < 200 < 200 1570 + 90
La 4.4 + 0.2 6.3 + 0.2 32.4 + 0.5
Ce 11.4 + 1.0 19 ± 1 75 + 2
Sm 3.0 + 0.1 3.8 + 0.2 4.3 + 0.2
Eu 1.19 + 0.09 1.44 + 0.08 1.17 + 0.07
Tb (ppb) < 600 600 + 100 < 300
Dy 6.2 ± 0.4 5.6 0.6 < 1.0
Yb 4.9 ± 0.3 4.0 + 0.3 2.1 + 0.2
Lu (ppb) < 300 510 + 100 < 200
Hf 2.1 ± 0.2 3.4 + 0.2 3.7 + 0.2
Ta 19.0 ± 0.4 < 0.7 16.0 ± 0.4
W 388 ± 5 3.5 + 0.5 352 + 5
Au (ppb) < 20 < 20 < 20
Hg (ppb) < 20 < 20 < 1000
Th < 0.7 < 0.7 7.7 ± 0.2
U 0.166 ± 0.007 0.201 + 0.006 3.06 + 0.03
Total % 981.27 100. 10 97.138
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe203
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TABLE 2
Combined data from INAA, XRF, AA
WB-KF--038 WB-KF--039 WB-KF-040A
SiOz (%) 561.62 53.78 58.03
TiOz 5800 + 500 7100 + 300 10500 ± 600
AizOa (%) 16.1 + 0.4 11.0 + 0.2 13.3 ± 0.3
Total Fe* (%) 8.01 + 0.09 10.36 + 0.09 14.0 + 0.1
MnO 1880 + 20 1370 ± 10 2310 + 20
MgO (%) 3.0 + 0.2 10.4 i 0.2 3.3 ± 0.2
CaO (%) 10.5 + 0.5 13.0 + 0.5 7.5 + 0.4
NazO (%) 3.29 + 0.04 0.021 0.003 3.13 ± 0.03
KgO (%) < 0.6 < 0.4 < 0.6
P2O5 (%) C1.27 0.24 0.34
Cl < 200 < 70 390 + 40
Sc 23.5 + 0.3 27.0 + 0.4 45.0 t 0.6
V 179 + 7 200 + 6 420 + 10
Cr 142 + 4 1450 + 20 < 7
Co 46.4 + 0.6 59.3 + 0.7 44.6 + 0.6
Cu < 300 < 200 < 300
Zn 104 + 6 190 + 5 < 10
Ga < 20 < 10 < 20
As < 1 < 0.6 < 1
Se < 1.0 3.5 ± 0.6 12 + 1
Br < 2 3.3 + 0.4 4.5 ± 0.4
Rb < 30 < 20 < 30
Sr < 300 < 300 < 300
Sb (ppb) < 300 < 90 < 300
I < 20 < 20 < 20
Cs < 0.8 < 0,6 < 1.0
Ba < 200 < 100 < 200
La 11.8 + 0.2 9.8 + 0.1 3.9 ± 0.1
Ce 25.2 + 0.9 67 + 1 36 + 1
Sm 2.44 + 0.08 2.33 ± 0.07 2.35 + 0.08
Eu 0.81 + 0.06 2.53 ± 0.07 1.04 + 0.08
Tb (ppb) < 400 900 ± 100 1300 + 200
Dy 2.4 + 0.3 4.1 ± 0.3 5.0 ± 0.3
Yb 2.0 ± 0.3 1.0 ± 0.2 2.9 ± 0.3
Lu (ppb) < 200 < 90 < 300
Hf 2.1 ± 0.2 4.1 ± 0.1 2.2 + 0.2
Ta 6.7 ± 0.2 < 0.4 < 0.7
W 135 ± 2 8.7 ± 0.4 11.7 + 0.6
Au (ppb) < 10 < 1000 < 10
Hg (ppb) < 10 < 1000 < 20
Th 1.4 ± 0.1 7.2 ± 0.2 < 0.6
U 0.365 ± 0.009 1.87 ± 0.02 0.126 + 0.005
Total % 99 .88 951.39 100.33
Ail values reported in ppm unless otherwise noted
*Total Fe reported as Fe203
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TABLE 2
Combined data from INAA, XRF, AA
WB-KF-040B WB-KF-041A WB-KF-041B
SiOg (%) 51 .91 53. 14 54.95
TiOg 4000 + 300 9100 + 600 10900 + 600
AI2O 3 (%) 15.9 + 0.3 13.9 ± 0.3 13.7 + 0.3
Total Fe* (%) 10.12 + 0.09 14.3 + 0.1 14.4 ± 0.1
MnO 1890 + 20 2240 + 20 2350 ± 20
MgO (%) 7.3 + 0.2 4.4 ± 0.2 2.7 ± 0.2
CaO (%) 12.2 + 0.5 9.6 ± 0.5 7.8 + 0.4
NagO (%) 1.34 + 0.02 3.80 ± 0.04 3.71 + 0.04
KgO (%) < 0.6 < 0.7 < 0.7
P 2O5 (%) C 26 0.:38 0.37
Cl 160 ± 40 < 200 < 200
Sc 47.4 + 0.6 38.0 ± 0.5 39.1 ± 0.5
V 228 t 7 344 ± 10 430 + 10
Cr 138 ± 2 20 ± 2 < 8
Co 48.9 + 0.5 48.9 i 0.7 41.9 + 0.6
Cu < 300 < 400 < 400
Zn < 10 < 20 < 10
Ga < 10 < 20 < 20
As < 0.7 < 2 < 2
Se < 2 < 3 < 3
Br 1.4 + 0.1 3.8 0.7 < 2
Rb < 20 < 40 < 30
Sr < 400 < 400 < 400
Sb (ppb) < 100 < 400 < 400
I < 20 < 30 < 30
Cs < 0.7 < 1 < 1
Ba < 200 < 200 < 200
La 0.50 + 0.04 8.9 + 0.2 4.6 + 0.1
Ce < 1 21.5 + 0.9 13.3 + 0.9
Sm 0.31 + 0.01 3.0 + 0.1 2.6 + 0.1
Eu 0.45 + 0.04 1.02 + 0.08 0.95 + 0.07
Tb (ppb) < 300 < 500 1400 + 300
Dy 2.1 + 0.2 4.2 + 0.3 4.0 ± 0.4
Yb 1.1 + 0.1 2.8 + 0.2 3.2 ± 0.2
Lu (ppb) 240 + 30 440 ± 70 560 + 80
Hf 0.6 ± 0.1 2.7 + 0.2 2.5 ± 0.2
Ta < 0.5 < 0.8 < 0.7
W 16.5 + 0.6 14.7 + 0.7 5.6 ± 0.7
Au (ppb) < 1000 < 20 < 20
Hg (ppb) < 10 < 20 < 20
Th < 0.4 1.3 + 0.1 2.5 + 0.3
U 0.103 + 0.004 0.361 ± 0.008 0.373 + 0.008
Total % 981.88 99.77 98. 18
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe2Û3
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TABLE 2
Combined data from INAA, XRF, AA
WB-KF--042 WB-KF- 043 WB-KF- 044
SiOz (%) 62 .21 62.92 48.69
TiOz 3500 + 400 2800 + 300 18200 + 700
AizOa (%) 17.0 ± 0.4 16.4 + 0.4 13.7 + 0.4
Total Fe* (%) • 4.56 + 0.06 4.84 + 0.06 18.9 + 0.2
MnO 689 + 8 751 + 8 1900 + 20
MgO (%) 2.1 + 0.2 2.2 + 0.2 4.8 + 0.2
CaO (%) 5.0 + 0.4 3.3 + 0.3 6.9 ± 0.5
NazO (%) 5.52 + 0.06 3.19 ± 0.04 3.68 + 0.04
KzO (%) 0.9 ± 0.2 4.7 ± 0.3 < 0.6
P 2O 5 (%) C1.50 ND ND
Cl < 200 < 120 < 200
Sc 10.1 ± 0.2 12.5 + 0.2 44.0 + 0.6
V 83 + 5 87 ± 6 380 + 10
Cr 33 + 2 193 + 4 101 ± 4
Co 85 + 1 25.1 + 0.5 55.5 ± 0.8
Cu < 400 < 300 < 300
Zn 67 + 7 < 10 < 20
Ga < 30 < 20 < 40
As < 2 < 1 < 3
Se < 2 < 1.0 < 4
Br < 3 17.5 ± 0.5 11.5 + 0.8
Rb < 30 130 ± 10 < 50
Sr 870 + 90 < 200 < 400
Sb (ppb) < 500 < 300 < 700
I < 20 < 20 < 30
Cs < 0.9 1.6 + 0.2 < 1
Ba 600 + 50 840 + 70 < 200
La 12.7 + 0.3 18.7 + 0.3 12.0 ± 0.3
Ce 29 ± 1 39 + 1 22 ± 1
Sm 3.4 ± 0.1 2.9 ± 0.1 6.3 + 0.3
Eu 1.07 + 0.08 1.14 ± 0.07 1.8 + 0.1
Tb (ppb) < 500 < 300 1100 + 200
Dy 2.0 + 0.2 1.1 ± 0.2 5.8 + 0.4
Yb 3.7 + 0.2 1.4 ± 0.2 3.9 ± 0.4
Lu (ppb) < 200 < 200 800 + 100
Hf 3.1 ± 0.2 2.4 ± 0.2 3.3 ± 0.3
Ta 26.4 + 0.5 3.3 ± 0.2 < 0.9
W 483 ± 7 113 ± 2 62 + 2
Au (ppb) < 20 < 20 < 20
Hg (ppb) < 10 < 10 < 20
Th 1.1 0.1 3.3 ± 0.2 < 0.8
U 0.382 + 0.010 0.87 ± 0.01 0.181 ± 0.006
Total % 981.44 98.07 97.98
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe203
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TABLE 2
Combined data from INAA, XRF, AA
WB-KF-■045 WB-DK--046 WB-DF--048
S102 (%) 68.18 55. 15 53.04
T102 5400 + 400 4600 ± 400 16400 + 500
A1203 (%) 14.1 ± 0.3 16.4 ± 0.4 14.9 + 0.3
Total Fe* (%) 5.00 + 0.05 7.23 + 0.09 12.9 + 0 .1
MnO 540 + 6 1100 + 10 1880 ± 20
MgO (%) 2 . 0 ± 0 .1 6 .2 + 0 .2 4.9 + 0 .2
CaO (%) 2 .0 + 0 .2 6 .2 + 0.4 10.1 + 0.4
N3 20 (%) 4.40 + 0.05 2.90 ± 0.03 1.30 + 0 .0 2
K 2O (%) 2 .2 ± 0 .2 3.7 ± 0 .2 < 0,5
P 2O5 (%) ND 0 .13 0.30
Cl < 140 250 40 < 100
Sc 11.3 + 0 .1 16.2 ± 0 .2 32.4 + 0.4
V 83 + 4 148 ± 6 268 + 7
Cr 172 + 3 214 ± 5 63 + 2
Co 31.4 + 0.4 44.6 ± 0.7 42.6 + 0 .6
Cu < 300 < 300 < 200
Zn 69 + 3 90 ± 6 < 10
Ga < 20 17 + 4 < 11
As < 1 .0 < 2 3.6 + 0.3
Se 29 + 1 2.6 0.7 < 3
Br 5.1 + 0.3 15.1 ± 0.6 < 1.1
Rb 90 + 5 110 + 10 < 30
Sr 400 ± 100 < 300 < 300
Sb (ppb) < 200 < 400 940 + 90
I < 20 < 20 < 20
Cs 5.9 ± 0.2 7.4 + 0.4 < 0.8
Ba 660 + 50 940 + 60 < 100
La 9.0 + 0.2 14.5 + 0.2 15.5 + 0.2
Ce 65 + 2 30 + 1 34 + 1
Sm 1.09 + 0.06 2.5 + 0.1 4.3 ± 0.1
Eu 0.97 + 0.04 0.71 + 0.06 1.57 + 0.07
Tb (ppb) 370 + 50 < 400 1400 + 200
Dy 1.7 + 0.2 1.2 + 0.2 4.9 ± 0.3
Yb 1.03 ± 0.10 1.3 ± 0.2 2.4 ± 0,2
Lu (ppb) ISO + 20 < 300 < 200
Hf 4.6 + 0.1 2.4 + 0.2 2.2 + 0.2
Ta 1.03 ± 0.08 4.4 + 0.2 < 0.6
W 41.3 ± 1.0 97 + 2 < 1
Au (ppb) < 1000 19 + 6 < 1000
Hg (ppb) < 1000 < 10 < 10
Th 12.1 ± 0.2 4.0 + 0.2 < 0.5
U 3.28 + 0.03 1.01 + 0.01 0.375 ± 0.007
Total % 98.64 9?1.50 98.66
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe^Og
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TABLE 2
’ Combined data from INAA. XRF, AA
WB—DF--049 WB-DF- 050 WB—DF--051
Si02 (%) 521.69 67.36 691.42
TiOz 14400 + 500 3900 ± 300 2900 + 300
AI2O 3 (%) 14.3 ± 0.3 15.8 ± 0.3 14.8 + 0.3
Total Fe* (%) 13.4 ± 0.1 3.55 ± 0.04 2.82 + 0.03
MnO 2010 ± 20 464 ± 5 358 ± 4
MgO (%) 4.8 ± 0.2 0.8 ± 0.1 0.8 + 0.1
CaO (%) 10.5 ± 0.5 3.4 ± 0.2 3.2 ± 0.2
NazO (%) 1.89 ± 0.02 5.16 ± 0.05 4.42 ± 0.04
KzO (%) < 0.6 1.0 ± 0.2 2.1 + 0.2
P 2O5 (%) C1.33 0.50 0,52
Cl < 130 < 130 320 + 40
Sc 29.2 + 0.4 5.32 ± 0.07 4.20 ± 0.06
V 243 7 39 ± 3 25 ± 2
Cr 358 + 5 8.9 ± 0.6 10.8 ± 0.6
Co 42.3 + 0.5 29.0 ± 0.3 39.3 ± 0.4
Cu < 300 < 200 < 300
Zn < 9 71 ± 3 37 + 2
Ga < 10 < 20 < 20
As < 0.7 < 0.8 < 0.8
Se < 2 3.2 ± 0.2 3.4 + 0.2
Br < 0.7 8.5 ± 0.3 < 0,8
Rb < 20 27 ± 4 86 + 4
Sr < 400 < 200 < 200
Sb (ppb) 340 + 50 < 100 < 100
I < 20 < 10 < 20
Cs 0.7 + 0.2 0.8 ± 0.1 2.0 t 0.1
Ba < 200 310 ± 40 480 ± 40
La 3,63 + 0.09 8.7 ± 0.1 11.1 ± 0.2
Ce 32.2 ± 0.9 50 + 1 61 ± 1
Sm 1.36 + 0.06 0.91 ± 0.03 1.09 ± 0.04
Eu 1.54 + 0.06 0.94 ± 0.04 0.78 ± 0.03
Tb (ppb) 900 + 200 410 ± 60 310 ± 30
Dy 3.9 ± 0.3 1.9 ± 0.2 3.0 ± 0.2
Yb 2.4 + 0.2 1.15 ± 0.08 1.61 ± 0.07
Lu (ppb) 380 + 30 140 ± 10 220 ± 10
Hf 2.9 ± 0.1 5.4 ± 0.1 4.24 ± 0.10
Ta 0.4 ± 0.1 1.57 ± 0.07 2.25 ± 0.08
W 3.9 ± 0.5 61 ± 1 84 ± 1
Au (ppb) < 1000 < 1000 < 1000
Hg (ppb) < 1000 < 1000 < 1000
Th < 0.3 5.3 ± 0,1 10.8 ± 0.2
U 0.161 ± 0.006 0.87 ± 0.01 1.95 ± 0.02
Total % 99 .97 97.99 98.'53
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe^Og
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TABLE 2
Combined data from INAA, XRF, AA
WB-DF--052 WB-DF--053 WB-DF-054A
Si02 (%) 57 .67 54.96 56.46
TiOg 7600 ± 400 8300 + 500 9800 ± 600
AI2O3 (%) 16.8 + 0.4 14.6 + 0.3 13.9 + 0.3
Total Fe* (%) 11.6 + 0 .1 11.4 ± 0 .1 11.1 + 0 .1
MnO 1190 + 10 1730 ± 20 1940 + 20
MgO (%) 3.1 + 0 .2 4.6 0 .2 4.5 + 0 .2
CaO (%) 3.2 + 0.3 8.7 ± 0.4 7.0 + 0.4
Na20 (%) 2.94 + 0.03 3.69 ± 0.04 3.34 + 0.04
K 2O (%) 1.4 + 0 .2 < 0 .6 1.2 + 0.3
P 2O5 (%) C1.31 0.40 0.31
Cl 440 + 40 < 100 < 200
Sc 11.3 ± 0 .2 31.8 ± 0.4 23.9 + 0.3
V 126 ± 5 196 + 7 217 + 8
Cr < 4 112 + 3 95 + 3
Co 31.9 + 0.5 49.5 + 0.7 42.6 + 0 .6
Cu < 300 < 300 < 400
Zn 65 + 5 123 + 7 < 10
Ga < 20 < 30 < 20
As < 1 < 3 < 2
Se 3.0 + 0.4 < 3 22 + 1
Br < 1.6 < 3 < 2
Rb 49 + 9 < 30 < 30
Sr < 300 < 300 < 400
Sb (ppb) < 300 < 600 1400 ± 100
I < 20 < 20 < 30
Cs ND < 1 .0 2 .0 + 0 .2
Ba 410 + 40 < 200 < 200
La 20.2 ± 0.2 19.5 t 0.4 11.0 ± 0.2
Ce 42 + 1 33 + 1 30 ± 1
Sm 3.8 + 0.1 5.3 ± 0.2 3.3 ± 0.2
Eu 1.05 + 0.06 1.34 + 0.09 0.96 ± 0.07
Tb (ppb) 470 + 90 < 500 1100 ± 300
Dy 3.8 + 0.2 4.8 + 0.3 3.2 ± 0.3
Yb 1.9 ± 0.2 3.0 ± 0.3 1.9 ± 0.2
Lu (ppb) < 200 < 300 400 ± 100
Hf 3.7 ± 0.2 4.0 + 0.2 2.7 ± 0.2
Ta 0.5 ± 0.1 4.7 ± 0.2 0.6 ± 0.2
W 3.9 ± 0.5 113 ± 2 < 2
Au (ppb) < 10 < 20 < 20
Hg (ppb) < 10 < 20 < 20
Th 3.4 ± 0.1 2.3 ± 0.2 1.4 ± 0.2
U 0.98 i 0.01 0.62 ± 0.01 0.333 + 0.008
Total % 97 .98 98.89 98.95
Ail values reported in ppm unless otherwise noted
*Total Fe reported as Fe203
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TABLE 2
Combined data from INAA, XRF, AA
WB-DF-054B WB-DF--055 WB-DF--056
Si02 (%) 61 .60 55.71 53.92
TiOg 3200 + 400 11600 + 500 14100 + 600
AI2O 3 (%) 17.0 ± 0.4 15.4 + 0.3 14.7 ± 0.3
Total Fe* (%) 6.73 + 0.08 8.19 + 0.07 12.9 ± 0 .1
MnO 1170 ± 10 1910 + 20 19 80 + 20
MgO (%) 3.3 + 0 .2 1.8 + 0 .2 5.2 ± 0 .2
CaO (%) 7.3 ± 0.5 13.8 + 0 .6 9.9 + 0.5
Na20 (%) 4.26 ± 0.05 2.94 + 0.04 2.16 + 0.03
K 2O (%) < 0.5 < 0.7 < 0 .6
P 2O5 (%) C1.:36 0.35 0.31
Cl < 100 < 200 < 100
Sc 17.1 + 0.2 23.7 + 0.3 29.1 + 0.4
V 92 + 6 223 + 7 248 + 8
Cr 124 ± 3 118 ± 2 251 + 4
Co 28.6 + 0.5 28.6 + 0.4 42.7 + 0.5
Cu < 300 < 300 < 300
Zn < 10 < 8 < 10
Ga < 20 < 20 < 20
As < 2 < 0.9 < 0.8
Se 22 + 1 3.0 ± 0.4 2.9 + 0.5
Br 8 + 1 2.0 ± 0.4 < 0.8
Rb < 20 < 10 < 20
Sr < 300 < 400 < 400
Sb (ppb) 2300 + 100 < 100 280 40
I < 20 < 30 < 30
Cs ND < 0.6 ND
Ba < 200 < 200 < 200
La 15.2 + 0.3 4.9 ± 0.1 4.0 + 0.1
Ce 31 + 1 35 ± 1 36 + 1
Sm 2.35 + 0.10 1.31 ± 0.07 1.61 + 0.07
Eu 0.92 ± 0.08 1.13 ± 0.05 1.75 + 0.07
Tb (ppb) < 400 650 ± 60 700 + 100
Dy 0.9 + 0.3 3.9 ± 0.4 3.8 ± 0.3
Yb 1.1 + 0.2 2.4 + 0.1 2.2 + 0.2
Lu (ppb) < 200 390 + 30 330 + 40
Hf 3.4 + 0.2 3.2 + 0.1 3.3 + 0.2
Ta 1.4 ± 0.1 0.50 ± 0.08 < 0.5
W 23.9 ± 1.0 7.4 + 0.4 3.9 ± 0.5
Au (ppb) < 20 6 + 1 23 ± 2
Hg (ppb) < 10 < 1000 < 10
Th 1.7 ± 0.2 1.45 + 0.09 0.7 ± 0.1
U 0.489 ± 0.010 0.422 ± 0.009 0.194 ± 0.007
Total % 1001.39 98.85 99.95
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe2Û3
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TABLE 2
Combined data from INAA, XRF, AA
WB-DF-057 WB”DF*-058 WB—DF--059
SiOz (%) 61 .05 56.74 53.17
TiOz 10000 + 400 < 3000 7400 + 500
AlzOg (%) 15.7 ± 0.3 7.0 ± 0.4 15.2 + 0.3
Total Fe* (%) 7.27 + 0.07 21.8 ± 0.2 12.6 + 0.1
MnO 1150 + 10 6690 ± 50 2460 + 20
MgO (%) 4.2 + 0.2 3.6 ± 0.4 6.8 + 0.3
CaO (%) 3.8 + 0.3 9.2 ± 0.6 7.3 + 0.5
NazO (%) 4.13 ± 0,04 < 0.02 3.34 + 0.04
KzO (%) 1.1 ± 0.1 < 1 < 0.8
P 2O5 (%) C 28 0.26 0.33
Cl < 140 < 200 < 200
Sc 47.9 + 0.6 31.6 ± 0.4 37.4 ± 0.4
V 309 + 7 160 ± 10 268 + 8
Cr 18 + 1 81 ± 4 74 ± 2
Co 65.4 + 0.7 30.5 ± 0.5 58.6 ± 0.6
Cu < 300 < 600 < 400
Zn < 10 123 ± 8 < 10
Ga < 20 < 20 < 20
As 16.5 + 0.5 < 2 < 0.9
Se < 2 < 4 < 2
Br 1.9 + 0.5 5.1 ± 0.8 3.6 + 0.2
Rb 45 + 6 < 50 < 20
Sr < 300 < 800 < 400
Sb (ppb) 1140 + 70 < 300 < 100
I < 20 < 50 < 30
Cs 1.2 + 0.2 7.4 ± 0.5 ND
Ba < 100 < 400 < 200
La 2.51 ± 0.08 8.0 ± 0.2 2.04 + 0.07
Ce 17.8 ± 0.6 15 ±• 1 14.9 ± 0.5
Sm 0.71 + 0.02 3.8 ± 0.2 0.65 ± 0.02
Eu 0.99 + 0.05 0.78 ± 0.08 0.74 + 0.05
Tb (ppb) < 300 1100 ± 200 250 ± 70
Dy 3.0 + 0.2 < 2 3.1 + 0.3
Yb 2.3 + 0.2 2.3 ± 0.3 1.9 + 0.1
Lu (ppb) 270 ± 30 700 ± 100 310 + 30
Hf 2.6 ± 0.1 1.9 ± 0.3 2.1 ± 0.1
Ta 0.5 + 0.1 < 0.8 0.7 ± 0.1
W 4.7 ± 0,4 14.4 ± 0.9 22.4 ± 0.7
Au (ppb) < 1000 46 ± 4 7 ± 2
Hg (ppb) < 1000 < 20 < 1000
Th 1.5 + 0.1 < 0.8 1.54 ± 0.09
U 0.66 + 0.01 0.217 ± 0.007 0.507 ± 0.010
Total % 981.62 97.51 98.77
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe2Û3
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TABLE 2
Combined data from INAA, XRF, AA
WB—DF—060 WB-DF--061 WB-DF- 062
SlOg (%) 6 6 .:23 51 .28 51 .07
T102 2700 ± 400 7500 + 500 5600 ± 400
A1203 (%) 15.7 ± 0.4 15.2 + 0,3 14.3 + 0.3
Total Fe* (% ) 2.50 ± 0.04 12.9 + 0 .1 12.0 ± 0 .1
MnO 397 ± 5 1920 + 20 2030 + 20
MgO (%) 0.7 ± 0 .1 6.5 + 0 .2 6 .8 + 0 .2
CaO (%) 2 .1 ± 0 .2 10.0 ± 0.4 10.7 + 0.5
Ns20 (%) 5.71 ± 0.06 1.87 + 0 .0 2 2.01 i 0.03
K 2O (%) 4.1 ± 0.3 < 0.5 < 0 .6
P 2O 5 (%) 0.08 0.31 0.35
Cl < 130 < 120 < 130
Sc 3.41 ± 0.06 45.0 ± 0 .6 < 0.07
V 30 ± 3 250 + 7 248 + 7
Cr 44 ± 2 38 6 7 < 7
Co 58.7 ± 0 .8 64.5 + 0 .8 58.9 + 0.7
Cu < 300 < 300 < 300
Zn 71 ± 5 < 20 13500 ± 200
Ga < 40 < 20 < 30
As < 4 < 2 < 2
Se < 0.6 < 3 4.5 ± 0.7
Br < 4 < 2 < 2
Rb 160 ± 10 < 30 40 ± 10
Sr 640 ± 80 < 300 < 300
Sb (ppb) < 800 < 400 < 400
I < 20 < 20 < 20
Cs 5.5 ± 0.3 < 1.0 < 1.0
Ba 1180 ± 50 < 100 < 200
La 70.9 ± 0.9 3.8 + 0.2 2.7 ± 0.2
Ce 96 ± 3 < 2 < 2
Sm 7.9 + 0.3 2.38 ± 0.08 1.94 ± 0.07
Eu 1.08 ± 0.07 0.68 + 0.07 0.51 ± 0.06
Tb (ppb) 400 ± 100 1300 + 200 < 500
Dy 1.7 ± 0.3 2.9 ± 0.3 1.9 ± 0.2
Yb 1.3 ± 0.2 1.2 ± 0.2 < 0.9
Lu (ppb) < 200 < 300 < 300
Hf 4.2 ± 0.2 1.7 ± 0.2 < 0.6
Ta 2.3 ± 0.2 < 0.7 < 0.7
W 581 ± 9 110 ± 2 92 ± 2
Au (ppb) 100 ± 10 790 ± 10 660 ± 10
Hg (ppb) < 1000 < 20 < 20
Th 52.5 ± 0.8 < 0.6 31.7 ± 0.5
U 11.18 ± 0.04 0.062 ± 0.003 0.072 ± 0.004
Total % 97.76 98.41 98.72
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe2Û3
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TABLE 2
Combined data from INAA, XRF, AA
WB-DF--063 WB-DF--064 WB-DF- 065
Si02 (%) 52 .31 51 .09 50.84
Xi02 5100 + 400 5500 + 500 8100 + 500
AI2O 3 (%) 12 .2 + 0.3 13.3 + 0.3 16.7 ± 0.3
Total Fe* (%) 12.5 ± 0 .1 13.0 + 0 .1 11.1 ± 0 ,1
MnO 1970 + 20 1910 ± 20 2060 ± 20
MgO (%) 8 . 0 + 0 .2 7.0 + 0 .2 5.9 + 0 .2
CaO (%) 11.4 + 0.5 11.4 + 0.5 12.3 0.5
Na20 (%) 1.72 + 0 .0 2 2.92 + 0.04 2.11 + 0.03
K 2O (%) < 0.5 < 0.5 < 0.7
P 2O 5 (%) C1.35 0.33 0.29
Cl < 120 < 130 < 100
Sc 38,1 + 0.5 48.0 ± 0 .6 41.0 + 0.5
V 215 + 7 233 + 7 302 + 8
Cr 850 + 10 578 + 9 346 + 5
Co 67.4 + 0 .8 80.1 + 1.0 55.1 0 .6
Cu < 300 < 300 < 300
Zn < 20 < 20 < 10
Ga < 30 < 30 < 20
As < 2 < 3 < 0.9
Se < 3 < 4 < 2
Br < 2 28 ± 1 3.6 + 0.4
Rb < 40 < 40 < 20
Sr < 400 < 300 < 400
Sb (ppb) < 500 < 600 < 100
I < 20 < 20 < 30
Cs < 1 < 1 < 0.8
Ba < 200 < 200 < 200
La 5.1 + 0.2 6.3 + 0.3 1.00 + 0.06
Ce 35 + 2 33 ± 2 30 + 1
Sm 2.4 ± 0.1 2.08 ± 0.09 0.60 + 0.03
Eu 0.58 ± 0.07 0.69 ± 0.09 0.68 + 0.05
Tb (ppb) 900 + 200 1900 ± 400 < 300
Dy 2.3 + 0.3 2.1 ± 0.3 3.2 + 0.4
Yb 1.7 ± 0.3 1.6 ± 0.2 1.7 + 0.1
Lu (ppb) < 400 < 400 260 + 30
Hf 0.9 + 0.2 < 0.7 1.4 + 0.1
Ta < 0.7 < 0.8 < 0.5
W 84 + 2 180 ± 3 18.5 + 0.7
Au (ppb) 63 + 6 < 20 19 ± 2
Hg (ppb) < 20 < 20 < 10
Th < 0.7 < 0.7 < 0.4
U 0.124 ± 0.005 0.101 ± 0.004 0.142 ± 0.005
Total % 96t.71 99.22 99.68
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe203
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TABLE 2
Combined data from INAA, XRF, AA
WB-DF--066 WB—DF--067 WB-DF--068
SiOg (%) 54.01 51 .05 54.97
TiOg 8300 ± 400 7300 + 400 9400 + 600
AI2O3 (%) 13.7 + 0.3 13.7 + 0.3 11.8 ± 0.3
Total Fe* (%) 12.8 + 0.1 12.5 ± 0.1 15.9 + 0 .2
MnO 1790 ± 20 2000 + 20 2510 + 20
MgO (%) 5.5 + 0 .2 4.4 ± 0 .2 3.6 + 0 .2
CaO (%) 9.9 + 0.4 12.5 ± 0.5 8.3 + 0.4
NazO (%) 1.93 + 0 .0 2 1.74 ± 0 .0 2 3.15 + 0.04
K 2O (%) < 0.5 < 0 .6 < 0.7
P 2O5 (%) C).33 0.28 0.34
Cl < 100 < 130 < 200
Sc 40.2 + 0.5 < 0.06 45.6 + 0 .6
V 246 ± 6 240 ± 7 400 ± 10
Cr 275 ± 5 < 7 81 ± 3
Co 55.0 + 0.7 54.2 ± 0.7 55.3 ± 0.7
Cu < 200 < 300 < 400
Zn 183 + 6 13700 ± 200 < 20
Ga < 20 < 20 < 40
As < 2 < 2 < 3
Se < 3 7.0 ± 0 .6 10.8 ± 1.0
Br < 2 < 2 < 3
Rb < 30 < 30 < 40
Sr < 300 < 300 < 400
Sb (ppb) < 400 < 400 < 600
I < 20 < 20 < 30
Cs < 0.8 < 0.9 < 1
Ba < 100 < 100 < 200
La 5.1 + 0.2 4.1 ± 0.2 5.7 ± 0.3
Ce 10.2 + 0.7 < 2 44 + 2
Sm 2.99 + 0.10 2.64 ± 0.09 4.1 + 0.2
Eu 0.80 + 0.06 0.79 ± 0.07 1.00 + 0.09
Tb (ppb) 1200 + 200 < 400 600 + 100
Dy 3.1 ± 0.2 3.6 ± 0.3 3.4 + 0.4
Yb 1.8 ± 0.2 < 0.8 2.5 + 0.3
Lu (ppb) < 300 < 300 < 500
Hf 1.8 + 0.2 < 0.6 1.8 0.2
Ta < 0.6 < 0.7 < 0.8
W 47 + 1 61 ± 1 129 + 3
Au (ppb) 173 + 6 43 ± 6 53 ± 7
Hg (ppb) < 10 < 10 < 20
Th < 0.5 22.7 ± 0.4 < 0.8
U 0.123 + 0.004 0.067 ± 0.003 0.091 ± 0.004
Total % 98!.81 97'.83 98.55
Ail values reported in ppm unless otherwise noted
*Total Fe reported as Fe^Og
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TABLE 2
Combined data from INAA, XRF, AA
WB-DF--069 WB-:DF--070 WB-DF-071A
Si02 (%) 521.08 52.48 55► .85
Ti02 8500 + 500 10900 + 500 7900 + 400
AI2O3 (%) 14.8 ± 0.4 14.5 + 0.3 15.8 + 0.3
Total Fe* (%) 14.0 + 0 .1 13.9 + 0 .2 17.2 + 0 .2
MnO 2220 + 20 1890 + 20 1920 + 20
MgO (%) 6 . 2 + 0 .2 5.7 + 0 .2 3.0 ± 0 ,1
CaO (%) 10.3 ± 0.5 8.4 ± 0.5 3.0 + 0 .2
Na20 (%) 1.76 + 0 .0 2 3.04 + 0.04 2.06 ± 0 .0 2
K 2O (%) < 0 . 6 < 0 .6 1.5 + 0 .2
P 2O5 (%) C1.34 0.30 C».00
Cl < 120 < 200 120 + 30
Sc 40.8 + 0.5 < 0,07 44.9 ± 0 .6
V 268 ± 9 271 ± 8 269 + 7
Cr 274 ± 6 < 7 380 + 6
Co 6 6 .0 ± 0.9 67.1 ± 0.9 51.9 + 0.7
Cu < 300 < 300 < 200
Zn < 20 < 10000 < 10
Ga < 30 < 30 < 20
As < 2 < 2 < 2
Se < 3 10.1 ± 0.8 < 3
Br < 3 < 3 < 2
Rb < 40 < 40 70 + 10
Sr < 400 < 400 < 300
Sb (ppb) < 500 < 600 < 400
I < 30 < 30 < 20
Cs 1.4 ± 0.3 < 1 14.1 + 0.5
Ba < 200 < 200 300 ± 50
La 5.6 + 0.2 5.0 + 0.2 11.5 + 0.2
Ce 38 + 2 < 2 19.2 ± 0.9
Sm 3.7 + 0.2 3.9 + 0.1 3.3 ± 0.1
Eu 1.00 ± 0.09 1.01 ± 0.09 1.01 + 0.07
Tb (ppb) < 500 < 500 < 500
Dy 3.3 + 0.3 4.2 + 0.3 3.4 ± 0.3
Yb 2.6 ± 0.3 < 0.9 3.4 + 0.3
Lu (ppb) < 400 < 300 < 400
Hf 2.0 ± 0.3 < 0.6 2.2 + 0.2
Ta < 0.8 5.7 ± 0.2 0.5 + 0.1
W 115 ± 2 139 ± 3 93 ± 2
Au (ppb) 69 ± 6 < 20 35 + 5
Hg (ppb) < 20 < 20 < 20
Th < 0.7 20.6 ± 0.4 1.9 + 0.2
U 0.076 ± 0.004 0.110 ± 0.005 0.568 + 0.010
Total % 99'.97 97.79 99.47
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe^Og
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TABLE 2
Combined data from INAA, XRF, AA
WB—DF”071B WB-RL-073A WB-RL-073B
S102 (%) 72.36 50.93 51 .47
TiOg 1800 ± 300 10800 + 500 6100 + 500
AI2O3 (%) 13.4 + 0.3 16 .4 ± 0.4 16.4 + 0.3
Total Fe* (%) 1.62 + 0.03 13.3 + 0 .1 11.3 ± 0 .1
MnO 161 ± 3 1600 + 10 1760 + 20
MgO (%) 0 .8 ± 0 .1 3.6 + 0 .2 5.2 + 0 .2
CaO (%) 1 .6 + 0 .2 8.3 + 0.4 11.1 t 0 .6
Na20 (%) 6.85 + 0.07 3.69 + 0.04 3.28 + 0.04
K 2O (%) 0.9 ± 0 .2 1.5 + 0 .2 < 0 . 6
P 2O5 (%) ND 01.49 0 .]19
Cl 290 + 70 260 + 40 330 + 50
Sc < 0.03 25.3 + 0.3 29.5 + 0.4
V 26 + 4 230 + 7 207 + 7
Cr < 3 < 8 57 + 2
Co 32.1 + 0.5 41.4 ± 0 .6 69.7 ± 0 .8
Cu < 400 < 300 < 300
Zn < 1000 108 ± 7 < 10
Ga < 50 < 40 < 20
As < 4 < 3 < 0.9
Se 14.2 + 0 .6 < 3 < 2
Br < 5 20 .6 + 0.9 < 0.9
Rb < 20 50 ± 10 < 20
Sr < 300 800 + 200 600 + 100
Sb (ppb) < 900 < 700 < 100
I < 20 < 30 < 20
Cs < 0.4 2.2 + 0.3 < 0.7
Ba 330 ± 50 570 + 60 300 + 60
La 12.7 ± 0.4 49.6 + 0.6 7.4 ± 0.1
Ce < 1 80 + 3 62 + 2
Sm 1.88 ± 0.08 9.8 ± 0.5 1.59 + 0.07
Eu 0.40 ± 0.05 1.85 + 0.09 1.66 ± 0.07
Tb (ppb) < 200 900 + 200 600 ± 100
Dy 1.5 ± 0.2 4.6 + 0.4 2.8 + 0.3
Yb < 0.4 2.2 ± 0.2 1.7 + 0.2
Lu (ppb) < 200 < 400 270 ± 30
Hf < 0.3 3.2 + 0.2 3.1 ± 0.2
Ta 1.9 ± 0.1 0.8 ± 0.2 1.2 + 0.1
W 472 ± 7 10 2 ± 2 62 + 1
Au (ppb) < 30 < 20 14 ± 2
Hg (ppb) < 1000 < 20 < 1000
Th 0.28 + 0.07 5.3 + 0.2 2.7 + 0.1
U 1 .53 + 0.02 1.74 + 0.02 0.62 + 0.01
Total % 97.63 99U58 99.:19
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe^Og
T ABLE 2
Combined daca from INAA, XRF, A A
T ABLE 2
Combined data from INAA, XRF, A A
WB-DF-■075 W B - R L --076 WB-DF- 077 WB-KF- 0 7 4 A WB-KF--074B W B - K F - 0 7 4 C
SiC; (%) 54 .99 53 .89 58.48 S I O 2 (%) 56. 47 50. 94 52.04
TiOj 5100 ± 300 6100 ± 400 6300 ± 400 T i 0 2 4900 ± 500 10400 ± 500 10000 t 500
A I 2 O 3 (%) 19.5 i 0.4 1 1 . 6 ± 0.3 17 . 8 ± 0.3 AlgOi (%) 7 .9 ± 0 . 2 11.5 + 0.3 10.9 ± 0.3
Total Fe* (%) 4.35 0.06 10.4 ± 0 . 1 8.04 ± 0.07 Total Fe* (%) 8.16 ± 0 . 1 0 13.5 ± 0 . 1 1 2 . 0  ± 0 . 1
MnO 722 ± 7 2 2 2 0 ± 2 0 910 ± 9 MnO 1590 t 2 0 1630 ± 2 0 1580 ± 20
MgO {%) 2 . 1 ± 0 . 1 9.6 ± 0.3 2 . 8 ± 0 . 2 MgO (%) 10.7 ± 0.3 8 . 8  ± 0.3 8 . 6  ± 0.3
CaO (%) 5.0 ± 0.3 6 . 1 ± 0.4 2,3 ± 0 . 2 CaO (%) 11.7 ± 0.5 8.9 ± 0.5 9.9 ± 0.5
NagO (%) 3.68 ± 0.04 0.70 + O.Ol 4.29 ± 0.05 N32 0  (%) 2 . 2 2 ± 0.03 2.91 i 0.03 2.90 ± 0.03
K 2 O (%) 7.1 ± 0.3 5.4 ± 0.3 3.1 t 0 . 2 K 2 O (%) 1 . 6 ± 0 . 2 1.5 ± 0 . 2 1.4 ± 0.2
P 2 O 5 (%) 1 .23 0,27 ND P 2 O 5 (%) 0 .28 0 .:26 0.18
Cl < 1 2 0 < 1 0 0 190 ± 50 Cl < 1 2 0 < 130 < 130
Sc 7.8 + 0 . 1 30.0 ± 0.4 21.7 ± 0.3 Sc 43.9 + 0 . 6 52.3 + 0.7 44.8 ± 0.6
V 80 ± 4 18 5 ± 6 148 ± 5 V 162 ± 6 318 ± 9 316 £ 9
Cr 80 ± 2 1 0 1 0 ± 2 0 184 t 3 Cr 1240 ± 2 0 448 ± 8 650 £ 10
Co 1 2 . 6 ± 0.3 55.0 ± 0.8 47.2 t 0 . 6 Co 61.7 ± 0.8 70.2 ± 0.9 60.6 £ 0 . 8
Cu < 300 < 300 < 300 Cu < 300 < 300 < 300
Zn 71 ± 4 19 9 ± 8 128 ± 4 Zn < 2 0 < 2 0 < 2 0
Ga < 2 0 < 2 0 < 2 0 Ga < 30 46 ± 1 0 < 30
As < 1 < 1 < 1 . 0 As < 3 < 3 < 2
Se 4.5 ± 0,5 < 3 < 2 Se < 1 < 4 < 4
Br < 2 < 2 7.3 ± 0.4 Br < 3 < 3 7.1 £ 0.6
Rb 140 ± 9 2 0 0 ± 2 0 123 ± 7 Rb 1 1 0 t 2 0 70 ± 2 0 < 40
Sr 1730 ± 1 0 0 < 300 < 300 Sr 400 ± 1 0 0 < 300 < 300
Sb (ppb) < 300 < 300 < 200 Sb (ppb) < 600 < 600 < 6 W
I < 2 0 < 2 0 < 2 0 I < 2 0 < 2 0 < 2 0
Cs 0 . 6 ± 0 . 1 15.5 ± 0.5 30.2 ± 0.5 Cs < 1 3.0 ± 0.4 ND
Ba 2550 ± 70 710 ± 70 640 ± 60 Ba 570 + 60 < 2 0 0 440 £ 60
La 92.1 ± 0.8 29 .3 + 0.4 7.0 ± 0 . 1 La 16.1 0.3 17.6 ± 0.4 13.6 £ 0.3
Ce 186 ± 4 53 ± 2 45 ± 1 Ce 32 ± 1 36 ± 1 27 £ 1
Sm 1 0 . 1 ± 0.3 6.3 ± 0 . 2 1.04 ± 0.04 Sm 5.3 + 0.3 7.3 + 0.3 5.7 £ 0.2
Eu 2.49 ± 0.08 1 .39 ± 0.08 1 . 1 1 ± 0.05 F.u 0.99 ± 0.08 1 . 6  t 0 . 1 1.36 £ 0.08
Tb ( ppb) 550 ± 70 1 2 0 0 t 2 0 0 610 ± 90 Tb (ppb) 1 1 0 0 ± 300 1 0 0 0  + 300 < 600
Dy 4.3 0 . 2 3.8 ± 0.3 3.1 ± 0.3 Dy 2 . 0 + 0.3 3.0 ± 0.3 3.3 £ 0.3
Yb 2 . 0 ± 0 . 2 1 . 0 ± 0.3 1.5 i 0 . 1 Yb 1 .5 ± 0.3 1 . 2  t 0 , 2 1.4 ± 0.2
Lu (ppb) 290 ± 70 < 300 230 ± 30 Lu (ppb) < 400 < 400 < 400
Hf 5.8 ± 0 . 2 2 . 6 ± 0 . 2 2 . 8 ± 0 . 1 Hf 1 . 8 ± 0 . 2 2 . 0  t 0 . 2 2.2 £ 0.3
Ta 0,9 + 0 . 1 1 .4 ± 0 . 2 0.99 ± 0.09 Ta 7.3 ± 0.3 2.7 i 0 . 2 2.4 t 0.2
W 2.5 0.5 26 ± 1 50 ± 1 W 166 ± 3 55 ± 2 38 £ 1
Au (ppb) < 1 0 < 1 0 7 ± 2 Au (ppb) < 2 0 < 2 0 < 2 0
Hg (ppb) < 1 0 0 0 < 2 0 < 1 0 0 0 Hg (ppb) < 2 0 < 2 0 < 2 0
Th 13.3 ± 0.3 2.9 ± 0 . 2 7.6 ± 0 . 2 Th 1 .4 ± 0 . 2 1.7 t 0.3 1.5 £ 0.2
U 1 .54 t 0 . 0 2 1.28 t 0 . 0 2 3.47 ± 0.03 U 0 .455 ± 0 . 0 1 0 0.455 ± 0.009 0.348 £ 0.009
Total X 98.93 98.98 97.62 Total 7, 99 .87 99.62 99.15
W
CO
Ail values reported in ppm unless otherwise noted 
*Total Fe reported as F e 2 C]
All values reported in ppm unless otherwise noted 
*Total Fe reported as F e 2 0 ]
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TABLE 2
Combined data from INAA, XRF, AA
WB-DK--078 WB-KL--101 WB-KL--102
S102 (%) 581.99 53.79 61 .36
TiOa 3300 + 400 8000 + 400 4000 + 300
AI2O 3 (%) 14.9 ± 0.3 16.9 + 0.4 18.2 + 0.3
Total Fe* (%) 5.51 + 0.07 16.1 + 0 .1 5.17 0.05
MnO 1080 ± 10 1770 + 20 814 + 9
MgO (%) 3.2 + 0 .2 3.8 + 0 .2 2.9 ± 0 .2
CaO (%) 4.5 + 0.3 3.1 ± 0.3 6.4 ± 0.4
Na20 (%) 5.35 0.05 2.38 + 0.03 3.98 + 0.04
K 2O (%) 3.8 + 0.3 1.5 ± 0 .2 1.4 ± 0 .2
P 2O5 (%) 1 10 0.62 C1.53
Cl < 140 < 120 < 200
Sc 10.6 + 0 .1 48.6 + 0 .6 10.9 ± 0.1
V 74 ± 5 26 5 ± 7 95 ± 4
Cr 176 + 4 354 ± 6 87 ± 2
Co 31.5 ± 0.5 74.4 + 0.9 29.8 ± 0.4
Cu < 300 < 300 < 300
Zn 74 + 6 < 20 136 ± 4
Ga < 40 < 30 < 20
As < 3 < 2 < 0 .8
Se 34 + 1 < 4 2 .0 ± 0.3
Br 16 + 1 < 3 < 0.8
Rb 80 ± 10 90 + 10 48 ± 4
Sr 1100 + 100 < 300 850 + 90
Sb (ppb) < 800 < 500 < 100
I < 20 < 20 < 20
Cs 0.9 ± 0.2 16.1 + 0.5 1.0 ± 0.1
Ba 1620 + 60 < 100 240 + 50
La 212 + 2 13.9 + 0.3 4.9 + 0.1
Ce 247 ± 6 25 + 1 30.8 + 0.7
Sm 18.5 + 0.8 3.7 + 0.1 0.75 + 0.03
Eu 2.52 ± 0.09 1.09 + 0.08 0.89 ± 0.04
Tb (ppb) 900 100 1100 + 200 < 200
Dy 3.1 + 0.3 4.3 ± 0.3 1.4 + 0.2
Yb 1.2 + 0.2 2 .6 + 0.3 0.79 + 0.09
Lu (ppb) < 200 500 + 100 < 60
Hf 5.9 + 0.2 2.7 + 0.2 2.52 + 0.09
Ta 1.0 + 0.1 1.4 + 0.2 0.67 ± 0.07
W 127 + 3 409 ± 6 33.4 + 0.8
Au (ppb) < 30 < 20 < 1000
Hg (ppb) < 10 < 20 < 1000
Th 21.6 + 0.4 2.2 ± 0.2 2.05 ± 0.07
U 2 .08 + 0.02 0.65 ± 0.01 0.506 + 0.010
Total % 981.05 99(.20 100.38
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe203
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TABLE 2
Combined data from INAA, XRF, AA
WB-KL--103 WB-KL--104 WB-KL--105
SiÜ2 (%) 70.95 56.86 521.74
Ti02 2600 + 300 6300 + 500 4300 + 400
AI2O3 (%) 15.0 + 0.3 12.7 + 0.3 15.2 + 0.3
Total Fe* (%) 1.94 + 0.03 13.1 ± 0 .1 9.68 + 0.09
MnO 241 + 3 2040 ± 20 1900 + 20
MgO (%) 0.7 ± 0 ,1 3.7 ± 0 .2 7.6 + 0 .2
CaO (%) 2 .6 + 0 .2 9.1 ± 0.4 12.6 + 0.5
Na20 (%) 5.35 + 0.05 2.81 ± 0.03 1.42 + 0 .0 2
K 2O (%) 2 .2 ± 0 .2 < 0 .6 < 0 . 6
P 2O5 (%) C1.!52 0 .:16 0.28
Cl < 100 < 130 < 120
Sc < 0.03 45.5 + 0.6 42.6 ± 0.5
V 22 ± 3 315 + 8 226 + 6
Cr < 3 < 8 115 + 2
Co 24.0 + 0.4 53.1 + 0.7 46.8 + 0.5
Cu < 300 < 300 < 200
Zn < 1000 < 10 < 10
Ga < 40 < 30 < 20
As < 3 < 3 < 0.8
Se 24.9 ± 0.8 < 3 < 2
Br < 4 < 3 2.7 + 0.2
Rb 67 ± 8 < 40 < 20
Sr < 200 < 400 < 400
Sb (ppb) < 700 < 600 < 100
I < 20 < 20 < 20
Cs < 0.4 < 1 < 0.7
Ba 930 + 40 < 200 < 200
La 18.1 + 0.4 5.5 + 0.2 0.73 + 0.05
Ce < 1 37 + 2 24.4 + 1.0
Sm 2.22 + 0.08 3.0 + 0.2 0.30 + 0.02
Eu 0.43 + 0.05 0.69 + 0.08 0.54 + 0.06
Tb (ppb) < 200 < 500 < 300
Dy 0.9 + 0.2 2.8 + 0.3 2.0 + 0.3
Yb < 0.4 2.0 + 0.3 0.9 + 0.1
Lu (ppb) 490 ± 50 < 400 290 ± 40
Hf < 0.2 1.6 + 0.2 0.9 ± 0.1
Ta 0.9 + 0.1 0.6 + 0.2 < 0.5
W 220 + 4 83 + 2 17.8 + 0.6
Au (ppb) < 20 42 ± 6 < 1000
Hg (ppb) < 1000 < 20 < 10
Th 0.86 ± 0.09 < 0.7 0.36 + 0.08
U 0.91 + 0.01 0.176 + 0.005 0.158 + 0.005
Total % 99'.51 98.76 99.44
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe203
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TABLE 2
Combined data from INAA,-XRF, AA
WB-KL--106 WB—KL--107 WB-KL-108
SiOz (%) 50.48 53.89 4S1.68
TiOz 3500 + 400 10800 ± 500 14200 ± 600
AlzOs (%) 6.2 + 0.2 16.4 ± 0.3 15.3 + 0.4
Total Fe* (%) 13.5 ± 0.1 13.5 + 0.1 15.0 + 0.2
MnO 2230 ± 20 1840 + 20 1820 ± 20
MgO (%) 18.4 ± 0.4 2.3 + 0.2 4.2 ± 0.2
CaO (%) 9.3 ± 0.5 7.7 + 0.4 10.0 ± 0.5
NazO (7o) 0.130 ± 0.006 3.84 + 0.04 3.14 ± 0.04
KzO (%) < 0.6 < 0.6 < 0.5
P 2O5 (%) 0. 14 0.41 ND
Cl < 100 690 + 60 < 130
Sc 40.2 ± 0.5 29.2 ± 0.4 47.0 ± 0.6
V 179 ± 7 129 ± 6 420 ± 10
Cr 2690 ± 30 86 ± 2 < 8
Co 99 ± 1 39.9 ± 0.5 47.0 ± 0.7
Cu < 300 < 300 < 300
Zn < 20 < 9 < 20
Ga < 10 < 20 < 30
As 0.7 ± 0.2 < 0.8 < 2
Se < 4 50 ± 2 < 3
Br < 1.0 3.9 ± 0.3 < 3
Rb < 40 < 20 < 40
Sr < 400 < 400 < 300
Sb (ppb) 280 ± 70 < 100 < 500
I < 30 < 20 < 20
Cs < 1. 0.7 ± 0.1 < 1
Ba < 200 < 200 < 200
La 0.94 ± 0.06 5.6 ± 0.1 2.2 ± 0.2
Ce < 3 46 ± 1 26 ± 1
Sm 0.76 + 0.03 2.8 ± 0.1 1.18 ± 0.06
Eu 0.28 + 0.06 2.91 ± 0.07 0.85 ± 0.08
Tb (ppb) < 600 1600 ± 100 < 500
Dy < 1.1 10.7 ± 0.5 l . l + 0.3
Yb < 1.0 6.4 ± 0.2 < 0.9
Lu (ppb) < 300 910 ± 40 < 400
Hf 1.1 ± 0.3 7.6 ± 0.2 < 0.6
Ta < 0.9 1.04 ± 0.09 < 0.7
W < 1.4 19.6 ± 0.7 100 ± 2
Au (ppb) < 1000 33 ± 2 < 20
Hg (ppb) < 20 < 1000 < 20
Th < 0.7 1.7 ± 0.1 < 0.6
U 0.068 ± 0.004 0.504 ± 0.009 0.023 ± 0.002
Total % 98!.24 98.69 98.83
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe^Og
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TABLE 2
Combined data from INAA, XRF, AA
WB-KL'-109 WB-KL-110 WB-KL--111
SiOz (%) 531.57 71.85 50.96
TiOz 3100 + 300 2600 ± 300 4300 + 400
AI2O 3 (%) 10.3 ± 0.3 14.1 + 0.3 8.6 i 0.3
Total Fe* (%) 8.98 ± 0.10 1.57 + 0.02 12.2 + 0.1
MnO 1640 ± 10 282 + 4 2140 + 20
MgO (%) 9.6 ± 0.2 0.7 + 0.1 11.3 + 0.3
CaO (%) 13.7 ± 0.5 2.9 + 0.2 12.9 + 0.6
NazO (%) 1.68 ± 0.02 5.03 + 0.05 0.79 + 0.01
KzO (%) < 0.5 1.9 + 0.2 < 0.6
P2O5 (%) C).;28 ND 0.36
Cl < 110 < 130 310 + 40
Sc 54.8 + 0.7 2.78 + 0.04 < 0.08
V 205 + 6 24 + 2 228 ± 7
Cr 1810 + 30 11.8 0.6 < 8
Co 51.6 0.7 27 .5 ± 0.4 65.0 + 0.8
Cu < 200 < 300 < 300
Zn < 20 33 + 3 17600 + 200
Ga < 20 < 20 < 20
As < 2 < 0.9 < 2
Se < 3 2.5 + 0.2 6.3 + 0.8
Br < 2 7.6 + 0.4 10.0 + 0.9
Rb < 30 50 ± 4 < 40
Sr < 300 < 200 < 300
Sb (ppb) < 400 < 100 < 400
I < 20 < 10 < 20
Cs < 1 0.89 + 0.10 < 1
Ba < 100 270 + 40 < 200
La 2.0 ± 0.1 5.5 + 0.1 3.0 + 0.1
Ce < 3 32.6 ± 0.8 < 3
Sm 1.09 + 0.04 0.46 ± 0.02 1.65 + 0.06
Eu 0.43 + 0.07 0.48 + 0.03 0.58 + 0.08
Tb (ppb) 900 ± 300 < 130 < 500
Dy 1.7 ± 0.2 < 0.7 1.8 ± 0.2
Yb < 1.0 0.28 + 0.07 < 1.0
Lu (ppb) < 400 < 40 < 400
Hf < 0.7 2.74 + 0.08 < 0.7
Ta < 0.7 1.06 + 0.07 < 0.8
W 39 + 1 60 + 1 38 + 1
Au (ppb) 37 + 5 14 + 2 24 + 4
Hg (ppb) < 20 < 1000 < 20
Th < 0.7 3.35 + 0.09 158 + 2
U 0.054 + 0.003 0.84 ± 0.01 0.099 ± 0.004
Total % 98i.31 98.35 98.93
Ail values reported in ppm unless otherwise noted
*Total Fe reported as Fe^Og
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TABLE 2
Combined data from INAA, XRF, AA
WB-KL--112 WB-KL-113 WB-KL--114
S102 (%) 50.(36 61 .97 52:.72
T102 5400 + 400 4400 + 500 3900 + 700
A1203 (%) 15.0 ± 0.3 17.3 + 0.4 13.0 + 0.4
Total Fe* (%) 12.8 + 0 .1 5.94 + 0.07 15.8 ± 0 .2
MnO 2140 + 20 1610 ± 10 4380 ± 40
MgO (%) 6 . 0 + 0 .2 2 .6 ± 0 .2 4.7 ± 0.4
CaO (%) 11 .8 + 0.5 3.4 ± 0.3 8.7 ± 0 .6
Na20 (%) 1.83 + 0 .0 2 6.55 ± 0.07 2.31 ± 0.03
KgO (%) < 0.7 1.2 ± 0.3 < 0.9
P2O 5 (%) 0 .:29 0.57 0.28
Cl < 100 < 200 < 200
Sc 45.2 + 0.5 13.8 ± 0 .2 23.3 ± 0.3
V 252 + 7 94 ± 6 180 ± 10
Cr 95 ± 2 69 ± 3 164 ± 4
Co 53.7 + 0 .6 31.6 ± 0.5 13.5 ± 0.3
Cu < 300 < 400 < 500
Zn < 10 111 ± 6 123 ± 8
Ga < 20 < 50 46 ± 9
As < 0.7 < 4 < 2
Se < 2 3 ± 1 30 ± 1
Br 3.6 ± 0.3 33 ± 2 13.6 ± 0.8
Rb < 20 < 30 < 30
Sr < 400 < 400 < 500
Sb (ppb) < 100 < 800 < 500
I < 30 < 30 < 40
Cs < 0.7 < 0.7 < 0.9
Ba < 200 380 ± 50 < 200
La 1.10 ± 0.05 26.1 + 0.5 44.3 + 0.6
Ce 8.1 ± 0.4 45 ± 2 68 + 2
Sm 0.49 + 0.02 4.6 ± 0.2 7.8 + 0.3
Eu 0.71 ± 0.05 1.00 ± 0.06 1.68 + 0.09
Tb (ppb) < 300 < 400 800 ± 100
Dy 2.6 + 0.3 2.3 ± 0.3 2.5 + 0.7
Yb 1.8 + 0.1 1.5 ± 0.2 0.9 + 0.2
Lu (ppb) 290 + 30 < 300 < 300
Hf 1.1 + 0.1 3.6 ± 0.2 5.2 + 0.2
Ta 0.38 + 0.08 0.7 ± 0.1 < 0.6
W 19.3 + 0.6 156 ± 3 63 + 2
Au (ppb) 6 + 2 < 30 30 + 5
Hg (ppb) < 10 < 10 < 10
Th 0.42 + 0.10 3.0 0.2 3.7 + 0.2
U 0.189 + 0.006 0.490 + 0.010 1.76 + 0.02
Total % 98;.36 IOC1.;15 97.43
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe^Og
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TABLE 2
Combined data from INAA, XRF, AA
WB-KL--115 WB-KL-116 WB-KL- 117
SiOg (%) 54.96 52.67 52.79
Ti02 5000 ± 400 2300 + 300 1600 ± 400
AI2O 3 (%) 14.2 + 0.3 17.2 + 0.4 3.2 ± 0 .2
Total Fe* (%) 14.9 + 0 .2 7.14 ± 0.09 14.3 + 0 .2
MnO 2270 + 20 1370 ± 10 2280 + 20
MgO (%) 5.0 ± 0 .2 7.8 ± 0 .2 25.2 + 0.5
CaO (%) 7.7 ± 0.5 13.4 ± 0.5 2.5 ± 0 .2
NazO (%) 2.36 + 0.03 1.23 ± 0 .0 2 0.018 ± 0.004
K 2O (%) < 0.7 < 0.5 < 0 . 6
P 2O5 (%) C 31 0 .10 ND
Cl < 200 < 100 < 90
Sc < 0.08 38.3 ± 0.5 < 0.07
V 320 + 9 138 ± 5 71 + 5
Cr < 8 970 ± 10 < 6
Co 55.8 + 0.7 44.1 ± 0.6 136 + 1
Cu < 300 < 200 < 300
Zn < 20000 < 10 4930 + 70
Ga < 30 < 20 < 10
As 3.8 ± 0.5 < 2 < 1.0
Se < 3 < 3 < 3
Br < 3 11.8 ± 0.7 2.5 + 0.5
Rb < 40 < 30 < 50
Sr < 400 < 300 < 400
Sb (ppb) < 500 < 400 < 200
I < 30 < 20 < 30
Cs < 1 < 1.0 < 1.0
Ba < 200 < 100 < 200
La 2.8 ± 0.2 0.9 ± 0.1 0.58 + 0.07
Ce < 3 < 3 < 3
Sm 2.62 ± 0.09 0.64 ± 0.03 0.40 + 0.02
Eu 0.80 ± 0.08 0.24 ± 0.05 ND
Tb (ppb) < 600 < 400 < 500
Dy 2.8 ± 0.3 1.7 ± 0.3 < 1.1
Yb < 1.1 < 0.9 < 0.9
Lu (ppb) < 400 < 400 < 400
Hf < 0.7 < 0.6 < 0.5
Ta 1.0 + 0.2 < 0.7 < 0.8
W 25 + 1 70 + 2 7.2 + 0.5
Au (ppb) < 20 48 + 4 34 + 3
Hg (ppb) < 20 < 20 < 20
Th 2.3 + 0.2 < 0.6 260 + 3
U 0.073 + 0.004 0.025 ± 0.003 0.012 + 0.002
Total % 97 .54 99.50 98.]LI
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe^Og
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TABLE 2
Combined data from INAA, XRF, AA
WB-KL-118
SiOg (%) 67'.54
Ti02 4500 + 400
AI2O3 (%) 15.4 + 0.3
Total Fe* (%) 4.37 ± 0.06
MnO 592 + 7
MgO (%) 1.4 0 .1
CaO (%) 3.7 ± 0 .2
Na20 (%) 4.79 ± 0.05
K 2O (%) 1 .0 + 0 .2
P2O5 (%) 0 .2 1
Cl 200 + 40
Sc 2.48 0.04
V 64 ± 4
Cr 28 + 1
Co 46.5 + 0 .6
Cu < 300
Zn 40 + 4
Ga < 40
As < 3
Se 2 .1 + 0.3
Br < 4
Rb 39 ± 9
Sr < 300
Sb (ppb) < 700
I < 20
Cs ND
Ba 290 50
La 24.8 + 0.4
Ce 36 ± 1
Sm 2.7 + 0.1
Eu 0.64 + 0.04
Tb (ppb) < 300
Dy 1.0 ± 0.2
Yb 1.4 ± 0.1
Lu (ppb) < 200
Hf 4.0 ± 0.2
Ta 2.2 ± 0.1
W 443 ± 7
Au (ppb) 88 + 8
Hg (ppb) < 1000
Th 3.1 0.1
U 0.65 + 0.01
Total % 991.01
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe2Û3
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TABLE 3
USGS Standards: Data from INAA, XRF, AA
STD PCC-1 STD--DTS-1 STD DTS-1
S102 (%) 42.99 40.51 40.51
TiOz < 2000 < 1000 < 1000
AI2O 3 (%) 0.7 + 0 .1 0.19 + 0.04 0.25 ± 0.05
Total Fe* (%) 7.2 ± 0 .1 8 .1 0 + 0.07 8.64 0.08
MnO 1270 ± 10 1290 ± 10 1310 + 10
MgO (%) 38.8 ± 0.5 44.0 + 0.4 45.6 + 0.5
CaO (%) 0 . 6 ± 0 .2 < 0.07 < 0.07
NagO (%) < 0.004 0.005 + 0.001 < 0.004
K 2O (%) < 0.5 < 0.4 < 0.4
P 2O 3 (%) 0.00 ND ND
Cl 120 ± 30 < 50 < 50
Sc 7.3 + 0.1 3.30 + 0.05 3.47 + 0.05
V 34 + 4 6 + 1 7 ± 2
Cr 2740 ± 40 4690 ± 60 4820 ± 60
Co 103 + 2 128 + 1 138 ± 1
Cu < 200 < 100 < 100
Zn 30 + 10 52 ± 3 40 ± 4
Ga < 10 < 7 < 7
As < 1.1 < 0.3 < 0.3
Se < 4 < 2 < 2
Br < 1.2 < 0.3 < 0.3
Rb < 50 < 10 < 20
Sr < 400 < 300 < 300
Sb (ppb) 1000 + 100 130 + 20 180 + 30
I < 30 < 20 < 20
Cs < 1 < 0.4 < 0.4
Ba < 200 < 100 < 100
La < 0.2 < 0.02 < 0.02
Ce < 4 266 + 10 147 + 5
Sm < 0.04 < 1.0 < 1.0
Eu < 0.2 < 0.06 < 0.07
Tb (ppb) < 600 < 200 < 200
Dy < 1.3 < 0.8 < 0.9
Yb < 1.2 < 0.4 < 0.4
Lu (ppb) < 400 < 70 < 70
Hf < 0,6 < 0.2 < 0.2
Ta < 1.0 < 0.4 < 0.4
W < 2 < 0.5 < 0.5
Au (ppb) < 1000 < 1000 < 1000
Hg (ppb) < 20 < 1000 < 1000
Th < 0.8 0.39 + 0.08 < 0.3
U 0.119 + 0.008 0.0035 + 0.0010 0.008 ± 0.001
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe[2]0[3]
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Table 3
USGS Standards: Data from INAA, XRF, AA
STD DTS-1 STD DTS-1 STD DTS-1
Si02 (%) 40.51 40.51 40.51
Ti02 < 900 < 1000 < 1000
AI2O 3 (%) < 0 .1 0 0.24 + 0.06 0.15 + 0.04
Total Fe* (%) 8 . 6 8 + 0.08 8.53 + 0.08 8.05 + 0.09MnO 1280 + 10 810 + 8 1280 + 10
MgO (%) 43.7 + 0.4 53.9 + 0.5 43.7 + 0.4
CaO (%) < 0.05 < 0.06 < 0.07
Na20 (%) 0.007 + 0 .0 0 2 0.006 + 0 .0 02 0.006 + 0 ,001
K 2O (%) < 0.4 < 0.4 < 0.4
P 2O 3 (%) ND ND ND
Cl < 50 < 50 < 50
Sc 3.69 ± 0.05 3.44 + 0.05 3.39 + 0.06
V 10 ± 2 12 ± 2 10 + 2
Cr 4990 + 60 4800 ± 60 4680 + 70
Co 140 + 1 135 ± 1 130 + 1
Cu < 100 < 200 < 200
Zn 51 + 3 40 ± 3 47 ± 7
Ga < 6 < 7 < 4
As < 0.3 < 0.3 < 0.4
Se < 1.6 < 1.6 < 3
Br < 0.3 < 0.3 < 0.4
Rb < 10 < 20 < 30
Sr < 300 < 300 < 300
Sb (ppb) 110 + 20 100 + 10 440 + 40
I < 20 < 20 < 20
Cs < 0.4 < 0.4 < 0.7
Ba < 100 < 100 < 100
La < 0.03 < 0.02 < 0.05
Ce 182 + 5 161 + 5 < 3
Sm < 1.0 < 1.0 < 0.01
Eu < 0.07 < 0.07 < 0.10
Tb (ppb) 350 + 90 < 200 < 400
Dy < 0.8 < 0.8 < 0.8
Yb < 0.4 < 0.4 < 0.8
Lu (ppb) < 60 < 60 < 200
Hf < 0.2 < 0.2 < 0.4
Ta < 0.4 < 0.4 < 0.6
W < 0.5 < 0.5 < 0.5
Au (ppb) < 1000 < 1000 < 1000
Hg (ppb) < 1000 < 1000 < 10
Th < 0.2 < 0.2 < 0.5
U 0.010 + 0.002 0.007 + 0.001 0.009 + 0.002
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe[2]0[3]
148
Table 3
USGS Standards: Data from INAA, XRF, AA
STD BCR-1 STD BCR-1 STD BCR-1
Si02 (%) 57.05 57.05 57.05
T1O 2 22900 ± 700 20200 + 600 22300 + 600
AI2O 3 (%) 14.2 + 0.3 14,5 + 0.3 13.5 + 0.3
Total Fe* (%) 12.9 + 0 .1 14.8 ± 0 .1 14.3 ± 0 .1
MnO 2030 + 20 2050 ± 20 1990 ± 20
MgO (%) 2 .8 + 0 .2 3.2 + 0 .2 3.0 + 0 .2
CaO (%) 7.2 + 0.4 7.3 + 0.5 7.2 + 0.4
Na20 (%) 3.50 + 0.04 3.61 + 0.04 3.43 ± 0.04
K 2O (%) 2 . 0 + 0.3 2.1 + 0.3 1.6 + 0.3
P 2O 3 (%) 0.38 0.38 0.38
Cl < 200 < 200 < 200
Sc 32.3 + 0.4 36.2 + 0.5 35.6 ± 0.4
V 450 + 10 470 + 10 437 + 10
Cr 14 + 2 15 + 1 14 + 1
Co 35.5 + 0.5 41.9 + 0.5 39.3 + 0.5
Cu < 300 < 300 < 300
Zn < 10 < 10 < 10
Ga < 20 < 20 < 20
As < 1.1 < 1 .0 < 0 .8
Se 3.7 + 0.5 36 + 1 4.7 ± 0 .6
Br < 1.0 < 0.9 < 0.9
Rb 48 + 6 46 + 7 52 + 5
Sr < 500 < 400 < 400
Sb (ppb) < 200 < 200 340 + 70
I < 30 < 30 < 20
Cs 0.9 + 0.3 < 0.8 1.6 + 0.3
Ba 660 + 70 730 + 70 450 ± 50
La 8.3 + 0.1 8.4 + 0.2 8.5 + 0.1
Ce 55 + 2 58 + 2 57 ± 1
Sm 2.0 + 0.1 1.93 + 0.08 1.93 ± 0.06
Eu 1.74 ± 0.06 2.14 + 0.07 2.10 ± 0.07
Tb (ppb) 890 + 70 1500 ± 200 950 ± 80
Dy 7.2 + 0.6 6.2 + 0.5 6.8 + 0.4
Yb 3.4 ± 0.2 3.3 t 0.2 3.5 + 0.2
Lu (ppb) 530 ± 40 550 ± 30 630 + 30
Hf 5.0 ± 0.2 5.3 ± 0.2 5.2 t 0.2
Ta 0.8 + 0.1 0.8 + 0.1 0.68 + 0.09
W < 2 < 1 < 1
Au (ppb) < 1000 < 1000 < 1000
Hg (ppb) < 10 < 10 < 1000
Th 5.8 + 0.2 6.4 0.2 6.5 + 0.2
U 1 .71 + 0.02 1.69 + 0.02 1.70 + 0.02
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe[2]0[3]
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Table 3
USGS Standards: Data from INAA, XRF, AA
STD BCR-1 STD BCR-1 STD BHVO-1
Si02 (%) 57.05 57.05 51.22
Ti02 20300 ± 600 22000 ± 1000 27800 ± 700
AI2O 3 (%) 13.5 + 0.3 14.7 + 0 .5 14.3 + 0.3
Total Fe* (%) 12.7 + 0.1 12.7 + 0 .1 11.5 + 0.1
MnO 2000 + 20 2080 + 20 1890 ± 20
MgO (%) 2.9 ± 0.2 2.4 + 0 .3 5.7 + 0.2
CaO (%) 7.2 + 0.4 7.2 + 0 .6 12.3 i 0.5
Na20 (%) 3.47 + 0.04 3.54 ± 0.05 2.40 + 0.03
K 2O (%) 1.7 + 0.3 < 0.7 < 0.6
P 2O 3 (%) 0.38 0.38 0.29
Cl < 200 < 200 < 100
Sc 31.2 + 0.4 31.5 + 0.4 30.4 + 0.4
V 435 ± 10 460 + 10 335 + 8
Cr 14 + 1 12 i 3 327 + 5
Co 35.1 + 0.4 36.7 ± 0.7 41.7 ± 0.5
Cu < 300 < 400 < 300
Zn 113 ± 5 < 20 < 10
Ga < 20 < 20 < 20
As < 0.9 < 2 < 0.9
Se 4.1 + 0.4 < 4 3.8 ± 0.5
Br < 0.9 < 2 < 0.9
Rb 46 + 5 100 + 20 < 20
Sr < 400 < 400 600 ± 100
Sb (ppb) 260 + 50 1000 + 300 < 100
I < 30 < 30 < 30
Cs 1.1 + 0.2 < 1 < 0.7
Ba 760 ± 70 550 + 90 < 200
La 7.8 ± 0.1 23.2 + 0.4 5.0 ± 0.1
Ce 49 ± 1 44 ± 2 37 + 1
Sm 1.95 ± 0.07 5.2 + 0.2 1.9 ± 0.1
Eu 1.78 ± 0.06 2.2 ± 0.1 2.10 + 0.07
Tb (ppb) 850 ± 70 1000 + 200 760 + 70
Dy 6.9 ± 0.4 3.4 + 0.4 5.1 ± 0.4
Yb 3.3 + 0.1 3.9 ± 0.3 1.8 ± 0.1
Lu (ppb) 450 + 30 500 ± 100 220 + 20
Hf 4.7 ± 0.1 5.0 + 0.3 4.1 + 0.1
Ta 0.8 ± 0.1 < 0.8 0.88 ± 0.09
W < 1 < 3 < 1
Au (ppb) < 1000 < 20 < 1000
Hg (ppb) < 1000 < 20 < 10
Th 5.6 ± 0.1 6.1 + 0.3 1.3 + 0.1
U 1 .69 ± 0.02 1.61 + 0.02 0.469 + 0.009
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe[2]0[3]
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Table 3
USGS Standards: Data from INAA, XRF, AA
STD BHVO-1 STD BHVO-1 STD BHVO-1
SiOz (%) 51.22 51.22 51.22
TiOz 25600 + 700 27700 + 700 29200 ± 700
AI2O 3 (%) 14.5 ± 0.3 13.9 + 0.3 14,0 ± 0.3
Total Fe* (%) 13.5 + 0.1 12.22 + 0.10 12.6 + 0.1
MnO 1940 + 20 1860 + 20 1860 + 20
MgO (%) 6.5 + 0.2 6.4 + 0.2 6.2 + 0.2
CaO (%) 12.5 + 0.6 11.7 + 0.5 11.7 ± 0.5
NazO (%) 2.52 + 0.03 2.37 ± 0.03 2.38 ± 0.03
KzO (%) < 0.6 < 0.6 < 0.7
P 2O3 (%) 0 .;29 0.29 0.29
Cl < 100 120 + 40 < 200
Sc 35.0 + 0.5 32.6 ± 0.4 32.5 ± 0.4
V 360 + 9 346 ± 8 334 ± 8
Cr 362 + 5 339 ± 5 348 ± 5
Co 49.3 + 0.5 46.3 ± 0.5 45.2 ± 0.5
Cu < 300 < 300 < 300
Zn < 10 < 9 < 10
Ga < 20 < 10 < 20
As < 0 .8 < 0.7 < 0.7
Se 33 ± 1 3.7 ± 0.4 4.1 ± 0 .6
Br < 0 .8 < 0.7 < 0.7
Rb < 20 < 20 < 20
Sr 500 ± 100 600 ± 100 500 + 100
Sb (ppb) < 100 < 100 < 100
I < 20 < 20 < 20
Cs < 0.7 < 0.6 < 0.7
Ba < 200 < 200 < 200
La 5.2 ± 0.1 5.1 ± 0.1 4.74 + 0.09
Ce 40 ± 1 37.9 ± 0.9 38.1 + 0.9
Sm 1,76 ± 0.07 1.78 ± 0.06 1.84 + 0.06
Eu 2.19 ± 0.07 2.11 ± 0.06 2.09 + 0.06
Tb (ppb) 1000 ± 100 1200 ± 100 800 + 70
Dy 4.4 ± 0.3 5.5 ± 0.3 5.3 + 0.3
Yb 2.0 ± 0.1 2.1 ± 0.2 2.4 + 0.1
Lu (ppb) 280 ± 30 280 ± 30 290 ± 30
Hf 4.4 ± 0.2 4.4 ± 0.1 4.6 + 0.1
Ta 1.3 ± 0.1 1.4 ± 0.1 1.3 + 0.1
W < 1.3 < 1.2 < 1.2
Au (ppb) < 1000 < 1000 < 1000
Hg (ppb) < 10 < 1000 < 1000
Th 1.6 ± 0.1 1.03 + 0.10 1.21 ± 0.08
U 0.461 ± 0.009 0.454 ± 0.009 0.468 + 0.009
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe[2]0[3]
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Table 3
USGS Standards: Data from INAA, XRF, AA
STD BHVO-1 STD W- 2 STD W-2
SiO; (%) 51 .22 51 .25 51 .25
Ti02 27900 700 9100 ± 500 10700 + 500
AI2O 3 (%) 13.8 + 0.3 16.1 ± 0.3 16.6 ± 0.4
Total Fe* (%) 10.0 + 0 .1 10.64 ± 0 .10 11.3 ± 0 .1
MnO 1840 ± 20 1820 ± 20 1890 ± 20
MgO (%) 6.4 + 0 .2 5.6 ± 0 .2 5,6 ± 0 .2
CaO (%) 11.9 + 0.5 11.6 ± 0.5 12.7 ± 0 .6
Na20 (%) 2.34 t 0.03 2.33 ± 0.03 2.43 ± 0.03
K 2O (%) < 0 . 6 1.0 ± 0 .2 < 0 .6
P 2O3 (%) 0 .:29 0.14 0.14
Cl < 140 250 ± 60 280 ± 50
Sc 26.5 ± 0.3 36.5 ± 0.4 38.1 ± 0.5
V 330 + 9 285 ± 8 294 ± 8
Cr 267 + 5 107 ± 2 107 ± 2
Co 38.5 ± 0 .6 43.8 ± 0.5 46.8 ± 0.6
Cu < 300 < 300 < 300
Zn 82 ± 7 < 10 < 10
Ga 24 ± 6 < 20 < 20
As < 1 < 0.9 < 0.9
Se < 3 < 2 < 2
Br < 1.5 < 0.9 < 0.8
Rb < 30 < 20 < 20
Sr 600 ± 100 < 400 600 ± 100
Sb (ppb) < 300 230 + 40 < 100
I < 20 < 30 < 30
Cs < 0.9 ND 1 .0 + 0.2
Ba < 200 < 200 < 200
La 13.3 ± 0.2 3.51 + 0.09 3.6 + 0.1
Ce 29 ± 1 24.5 ± 0.9 21.6 + 0.8
Sm 4.2 ± 0.1 1.00 + 0.05 0.93 + 0.04
Eu 1.72 ± 0.09 1.08 + 0.05 1.12 + 0.06
Tb (ppb) 800 + 200 < 300 1000 ± 100
Dy 6.4 + 0.4 3.6 0.4 4.0 + 0.3
Yb 1.4 + 0.2 2.1 + 0.2 2.1 + 0.2
Lu (ppb) < 200 370 + 30 330 + 40
Hf 3.6 + 0.2 2.5 ± 0.1 2.3 ± 0.1
Ta 1.1 + 0.2 < 0.5 0.49 ± 0.09
W < 2 < 1 < 1
Au (ppb) < 10 < 1000 < 1000
Hg (ppb) < 10 < 10 < 10
Th 0.8 + 0.2 2.4 + 0.1 1.9 + 0.1
U 0.425 + 0.010 0.56 + 0.01 0.54 + 0.01
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe[2]0[3]
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Table 3
USGS Standards: Data from INAA, XRF, AA
STD W- 2 STD W--2 STD1 W- 2
SiOg (%) 51 .25 51 .25 51 .25
TiOz 10300 + 500 11200 ± 500 8100 700
AI2O 3 (%) 15.6 + 0.3 15.6 + 0.3 16.6 ± 0.5
Total Fe* (%) 10.91 + 0 .1 0 10.18 + 0.09 11.0 ± 0 .1
MnO 1830 + 20 1820 + 20 1870 + 20
MgO (%) 5.2 + 0 .2 5.4 + 0 .2 5.0 ± 0.3
CaO (%) 11.1 + 0.5 11.0 + 0 .6 11.8 + 0.7
Na20 (%) 2.34 + 0.03 2.30 ± 0.03 2.41 + 0.03
K 2O (%) < 0 .6 < 0.7 0 .8 + 0 .2
P 2O3 (%) C1.]L4 0.14 C1.14
Cl 180 + 40 < 200 230 ± 50
Sc 37.1 ± 0.4 34.4 + 0.4 37.1 + 0.5
V 280 + 7 286 ± 8 290 + 10
Cr 108 + 2 99 ± 2 103 + 4
Co 45.1 + 0.5 41.9 + 0.5 46.2 + 0 .8
Cu < 300 < 300 < 300
Zn < 10 < 10 < 20
Ga < 20 < 20 < 20
As < 0 .8 < 0.9 < 2
Se < 2 < 2 < 4
Br < 0 .8 < 0.9 < 2
Rb 36 ± 5 < 20 < 40
Sr < 300 < 400 < 400
Sb (ppb) 260 + 50 210 + 60 < 400
I < 20 < 30 < 30
Cs 1 .0 ± 0 .2 ND < 1
Ba < 200 < 200 < 200
La 3.63 + 0.09 3.34 ± 0.09 9.8 + 0.3
Ce 22 .1 + 0.7 20.7 ± 0 .6 18 + 1
Sm 0.99 + 0.03 0.98 ± 0.04 2 .6 + 0.1
Eu 1.15 + 0.05 0.97 ± 0.06 1.11 + 0 .1 0
Tb (ppb) < 300 480 ± 80 < 600
Dy 4.4 + 0.3 3.4 ± 0.3 3.1 + 0.5
Yb 2 .2 ± 0 .2 2 .1 ± 0 .1 2 .2 + 0.3
Lu (ppb) 320 + 30 340 + 30 < 300
Hf 2 .8 + 0 .1 2 .2 + 0 .1 2.4 + 0.3
Ta 0 .6 + 0 .1 0.4 + 0 .1 < 0.9
W < 1.3 < 1 < 2
Au (ppb) < 1000 < 1000 < 20
Hg (ppb) < 1000 < 10 < 20
Th 2.3 + 0.1 2.0 + 0.1 2.4 + 0.2
U 0.54 + 0.01 0.56 + 0.01 0.50 + 0.01
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe[2]0[3]
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Table 3
USGS Standards: Data from INAA, XRF, AA
STD ACV-1 STD ACV-1 STD ACV-1
S102 (%) 59.72 59'.72 59 .72
TlOg 10500 ± 500 8900 + 400 10400 + 400
AI2O3 (%) 17.6 ± 0.4 18.1 + 0.4 17.4 + 0.3
Total Fe* (%) 6.53 + 0.07 7.56 0.08 6.98 + 0.06
MnO 1050 10 1070 + 10 1030 + 10
MgO (%) 1.3 ± 0 .2 1.0 + 0 .2 1.2 ± 0 .1
CaO (%) 5.4 + 0.4 5.2 + 0.4 5.1 + 0.3
Na20 (%) 4.50 ± 0.05 4.68 + 0.05 4.43 + 0.05
K 2O (%) 3.2 + 0.3 3.3 + 0.3 3.2 + 0.3
P 2O3 (%) 0.50 0.50 0.50
Cl < 200 < 200 < 200
Sc 11.7 ± 0 .2 13.8 + 0 .2 12.8 + 0 .2
V 120 + 5 133 + 6 129 + 5
Cr 12 + 1 8.7 ± 0.9 10.8 + 1 .0
Co 14.8 0 .2 17.8 + 0.3 15.7 ± 0.3
Cu < 300 < 300 < 300
Zn 75 ± 4 < 8 140 + 4
Ca < 20 < 20 < 20
As < 1.1 < 1 .0 < 0.9
Se 35 ± 1 36 + 1 4.8 + 0.4
Br < 1 .0 < 1 .0 < 0.9
Rb 57 + 5 86 + 7 61 + 5
Sr 700 100 400 ± 100 800 + 100
Sb (ppb) 1160 + 70 1180 + 70 1070 + 70
I < 20 < 20 < 20
Cs 1.3 + 0 .2 1.3 + 0.2 1.5 + 0.2
Ba 1280 + 80 1250 + 70 1270 + 60
La 13.3 + 0.2 13.2 + 0.2 12.9 ± 0.2
Ce 71 + 2 75 + 2 72 ± 2
Sm 1.79 ± 0.10 1.72 + 0.07 1.75 + 0.06
Eu 1.49 ± 0.05 1.88 + 0.06 1.63 + 0.05
Tb (ppb) 660 + 70 840 + 90 490 + 60
Dy 4.1 + 0.4 4.0 + 0.3 4.3 + 0.3
Yb 2.1 ± 0.1 1.6 ± 0.1 1.7 + 0.1
Lu (ppb) 230 + 20 300 + 30 330 ± 30
Hf 5.1 + 0.1 6.2 + 0.2 5.1 + 0.1
Ta 1.03 ± 0.10 1.3 0.1 0.94 ± 0.08
W < 2 < 1 < 1
Au (ppb) < 1000 < 1000 < 1000
Hg (ppb) < 1000 < 1000 < 1000
Th 6.2 + 0.1 7.4 + 0 .2 7.1 + 0 .2
U 1.89 ± 0.02 1.97 + 0.02 1.93 + 0.02
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe[2]0[3]
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Table 3
USGS Standards: Data from INAA, XRF, AA
STD AGV-1 STD AGV-1 STD G;-2
SiOg (%) 59 .72 59.72 69 .97
Ti02 9700 ± 400 11200 ± 600 5300 ± 400
AI2O 3 (%) 17.4 + 0.3 17.5 ± 0.4 16.4 + 0.4
Total Fe* (%) 6 . 8 8 + 0.06 6.35 ± 0.08 2.54 + 0.05
MnO 1040 + 10 1040 ± 10 360 + 5
MgO (%) 1 .2 + 0 .1 1.3 ± 0 .2 0.9 t 0.1
CaO (%) 5.3 + 0.4 5.2 ± 0.4 2.1 + 0 .2
Na%0 (%) 4.47 + 0.05 4.46 ± 0.05 4.66 + 0.05
K 2O (%) 3.5 + 0.3 3.6 ± 0.3 5.2 + 0.3
P 2O3 (%) C(.50 0.50 C1.09
Cl < 200 < 200 < 100
Sc 12.4 + 0 .2 11.6 ± 0 .2 3.35 + 0.06
V 128 + 5 128 ± 6 38 + 3
Cr 10.7 + 0.9 13 ± 2 12 + 2
Co 15.8 + 0.3 15.4 ± 0.4 4.3 + 0.2
Cu < 300 < 400 < 300
Zn 115 + 4 61 + 6 62 ± 6
Ga < 20 < 20 < 40
As < 0.9 < 2 < 4
Se 4.8 + 0.4 3.9 ± 0,7 6.0 ± 0.6
Br < 0.9 < 2 < 4
Rb 64 ± 5 80 + 10 150 + 10
Sr < 300 700 ± 100 450 + 80
Sb (ppb) 970 + 60 3100 + 200 < 900
I < 20 < 20 < 20
Cs 1.3 + 0.1 1.4 + 0.3 1.5 ± 0.2
Ba 1400 ± 60 1370 + 70 2140 ± 80
La 12.2 + 0.2 37.0 + 0.4 119 ± 1
Ce 65 + 1 64 ± 2 171 + 5
Sm 1.80 + 0.06 5.3 + 0.2 10.8 + 0.6
Eu 1.68 + 0.05 1.76 + 0.09 1.28 ± 0.07
Tb (ppb) 460 + 50 640 + 90 310 ± 80
Dy 4.1 + 0.3 4.3 + 0.3 2.6 ± 0.3
Yb 2.1 + 0.1 2.1 + 0.2 0.9 + 0.2
Lu (ppb) 260 + 20 400 + 80 < 200
Hf 5.4 + 0.1 5.2 + 0.2 8.2 ± 0.3
Ta 0.93 + 0.09 1.3 + 0.2 0.7 ± 0.2
W < 1 < 3 < 5
Au (ppb) < 1000 < 20 < 30
Hg (ppb) < 1000 < 10 < 10
Th 7.1 ± 0.1 6.5 + 0.2 25.8 + 0.5
U 1.94 + 0.02 1.85 + 0.02 1.98 + 0.02
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe[2]0[3]
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Table 3
USGS Standards: Data from INAA, XRF, AA
STD RGM-1 STD RGM-1 STD RGM-1
SiOg (%) 72.93 72.93 72.93
TiOz 1900 + 200 2100 ± 300 2300 + 300
A I2O3 (%) 14.5 + 0.3 15.1 + 0.3 14.0 + 0.3
Total Fe* (%) 1.87 ± 0.03 1.92 + 0.03 2.02 + 0.03
MnO 386 ± 5 390 + 5 379 ± 5
MgO (%) < 0.3 < 0.3 < 0.3
CaO (%) 1.0 f 0.1 1.4 + 0.2 1.3 ± 0.2
NazO (%) 4.29 + 0.05 4.49 + 0.05 4.21 ± 0.05
KzO (%) 4.6 ± 0.3 5.5 + 0.3 4.6 + 0.2
P 2O3 (%) ND ND ND
Cl 720 + 50 710 + 50 700 + 50
Sc 4.62 + 0.06 4.79 ± 0.07 4.95 + 0.07
V 11 + 2 13 ± 3 14 ± 2
Cr 5.0 + 0.9 3.4 ± 0.6 4.6 ± 0.8
Co 2.19 ± 0.09 2.19 ± 0.10 2.15 ± 0.09
Cu < 300 < 300 < 300
Zn 43 + 2 25 ± 3 45 ± 2
Ga < 20 < 20 < 20
As < 1.0 < 1.0 < 0.9
Se 6.4 + 0.4 45 ± 1 5.1 ± 0.4
Br < 1.0 < 0.9 < 0.8
Rb 145 + 6 155 ± 6 161 ± 6
Sr < 300 < 300 < 200
Sb (ppb) 340 ± 60 210 ± 40 310 ± 50
I < 20 < 20 < 20
Cs 9.9 ± 0.2 9.8 + 0.3 10.8 ± 0.3
Ba 850 ± 50 900 ± 50 850 ± 50
La 7.9 ± 0.1 7.8 ± 0.2 7.4 ± 0.1
Ce 55 ± 2 52 ± 1 54 ± 1
Sm 1.38 ± 0.08 1.33 ± 0.06 1.39 ± 0.05
Eu 0.59 ± 0.03 0.58 ± 0.04 0.70 ± 0.04
Tb (ppb) 500 ± 50 360 ± 40 470 ± 40
Dy 4.2 ± 0.3 4.1 ± 0.3 4.2 ± 0.3
Yb 3.2 ± 0.1 2.7 ± 0.1 2.9 ± 0.1
Lu (ppb) 440 ± 20 420 ± 20 400 ± 20
Hf 6.1 ± 0.1 6.2 ± 0.1 6.7 ± 0.2
Ta 0.96 ± 0.07 0.93 ± 0.08 1.00 ± 0.07
W < 1 < 1 < 1.3
Au (ppb) < 1000 < 1000 < 1000
Hg (ppb) < 1000 < 1000 < 1000
Th 15.4 ± 0.3 16.0 ± 0.3 16.8 ± 0.3
U 5.56 ± 0.03 5.58 ± 0.03 5.51 ± 0.04
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe[2]0[3]
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Table 3
USGS Standards: Data from INAA, XRF, AA
STD RGM-1 STD RGM-1 STD STM-1
Si02 (%) 72.93 72.93 581.86
TiOa 2600 + 300 2400 + 400 < 2000
A1203 (%) 13.9 + 0.3 14.2 + 0.4 19.0 ± 0.5
Total Fe* (%) 1.84 ± 0.03 1.72 + 0.04 4.96 ± 0.07
MnO 376 + 5 404 + 5 2420 ± 20
MgO (%) < 0.4 < 0.4 < 0 .8
CaO (%) 1.3 + 0 .2 1.3 ± 0 .2 1.4 + 0.3
Na20 (%) 4.23 + 0.05 4.21 + 0.05 9.66 + 0 .10
K 2O (%) 4.6 + 0.3 5.3 ± 0.3 4.7 + 0.5
P 2O3 (%) ND ND C).18
Cl 760 + 50 660 + 50 660 + 90
Sc 4.59 + 0.06 4.22 ± 0.08 0.53 + 0 .0 2
V 9 + 2 13 ± 3 < 20
Cr 7.2 + 0.9 < 5 < 4
Co 2.08 + 0.09 2 .0 + 0 .2 0.9 + 0.1
Cu < 300 < 400 < 700
Zn 33 + 2 25 + 5 185 + 9
Ga < 20 < 20 < 30
As 1 .0 + 0.3 2.4 ± 0.4 < 3
Se 5.2 ± 0.3 38 ± 2 17.0 + 0.9
Br < 0.9 < 3 < 4
Rb 148 + 6 150 ± 10 110 + 10
Sr < 300 < 300 < 600
Sb (ppb) 430 + 60 1000 ± 200 1500 + 300
I < 20 < 20 < 40
Cs 10.1 ± 0,3 9.2 ± 0.4 1.6 + 0.2
Ba 830 ± 50 980 ± 60 740 + 80
La 7.2 + 0.1 21.7 ± 0.3 136 + 1
Ce 48 ± 1 50 ± 2 254 + 5
Sm 1.18 ± 0.04 3.6 ± 0.2 10.6 + 0.4
Eu 0.60 ± 0.03 0.58 ± 0.06 3.6 + 0.1
Tb (ppb) 480 ± 40 400 ± 100 990 + 90
Dy 4,6 ± 0.3 4.2 ± 0.4 7.9 + 0.5
Yb 2.8 ± 0.1 2.5 ± 0.2 6.7 + 0.3
Lu (ppb) 410 ± 20 360 ± 60 660 + 70
Hf 6.3 ± 0.1 5.9 ± 0.2 27.2 + 0.5
Ta 0.98 ± 0.07 1.3 ± 0.2 17 .0 + 0.4
W < 1 < 3 < 4
Au (ppb) < 1000 < 20 < 30
Hg (ppb) < 1000 < 10 < 10
Th 15.8 ± 0.3 14.7 + 0.4 29.8 + 0.5
U 5.46 ± 0.04 5.51 ± 0.04 8.65 + 0.05
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe[2]0[3]
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Table 3
USGS Standards: Data from INAA, XRF, AA
STD QLO-1 STD SDC-1
SiOz (%) 63.57 68.77
TiOz 5800 + 400 8900 + 500
AlzO 3 (%) 16.8 + 0.4 15.9 + 0.4
Total Fe* (%) 3.84 + 0.06 6.46 ± 0.08
MnO 1000 + 10 1230 + 10
MgO (%) 1.2 ± 0.2 1.6 ± 0.2
CaO (%) 3.3 + 0.3 1.6 i 0.2
NazO (%) 4.47 ± 0.05 2.14 ± 0.03
KzO (%) 3.8 ± 0.3 3.3 + 0.3
P 2O3 (%) ND ND
P2O3 (%) ND ND
Cl 350 + 50 < 130
Sc 7.9 + 0.1 14.9 + 0.2
V 51 ± 4 107 + 5
Cr < 4 77 ± 3
Co 6.5 ± 0.2 17.1 ± 0.4
Cu < 300 < 300
Zn 27 ± 5 120 ± 7
Ga < 20 < 20
As < 2 < 2
Se 4.2 ± 0.6 6.4 + 0.8
Br < 2 < 2
Rb 82 ± 9 150 + 10
Sr 400 ± 100 < 400
Sb (ppb) 1400 ± 100 500 + 100
I < 20 < 20
Cs 1.8 + 0.2 3.6 ± 0.3
Ba 1570 ± 60 720 + 70
La 23.3 + 0.3 41.0 ± 0.5
Ce 43 ± 1 91 + 3
Sm 3.3 ± 0.1 7.9 + 0.4
Eu 1.22 ± 0.07 1.56 ± 0.09
Tb (ppb) 410 + 70 1300 ± 100
Dy 4.4 ± 0.3 8.1 ± 0.6
Yb 2.7 ± 0.2 4.6 ± 0.3
Lu (ppb) 570 + 70 440 ± 60
Hf 4.0 + 0.2 8.1 ± 0.3
Ta 0.7 ± 0.1 1.1 ± 0.2
W < 2 < 2
Au (ppb) < 20 < 20
Hg (ppb) < 1000 < 20
Th 4.7 + 0.2 12.3 + 0.3
U 1 ,85 + 0.02 2.91 + 0.03
All values reported in ppm unless otherwise noted
*Total Fe reported as Fe[2]0[3]
1 5 8
TABLE 4
Standard A b b re v ia t io n
PCC-1
DTS-1
BCR-1
BHVO-1
W-2
AGV-1
G-2
RGM-1
STM-1
QLO-1
SDC-1
Standard Rock Type
Per i dot i t e
Dunite
Basai t
Hawai ian I s land Basal t
Diabase
Andes i te
Grani te
Rhyol i t e
Nephel i  ne Syeni te  
Quartz L a t i t e  
Mica Schist
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TABLE 7
XRF RESULTS
Sample Yttrium Zi rconium Niobium
WB-DK-009A 30 67 ND
WB-DK-009B 32 70 ND
WB-KF-026 36 98 15
WB-KF-027 26 79 5
WB-KF-028 23 72 6
WB-KF-029 33 98 10
WB-KF-030B 27 81 7
WB-KF-031 35 108 6
WB-KF-032 38 139 10
WB-KF-034 27 81 7
WB-KF-035 24 72 9
WB-KF-036 30 93 25
WB-KF-040A 30 63 ND
WB-KF-041A 29 95 5
WB-KF-041B 33 94 5
WB-DF-048 27 100 7
WB-DF-049 28 114 8
WB-DF-055 30 140 9
WB-DF-056 31 130 8
WB-DF-059 19 70 ND
WB-DF-061 20 45 ND
WB-DF-062 16 38 ND
WB-DF-063 15 42 ND
WB-DF-064 17 39 ND
WB-DF-066 21 60 ND
WB-DF-067 20 49 ND
WB-DF-068 28 68 ND
WB-DF-069 25 63 ND
WB-DF-070 28 70 8
Data presented in ppm.
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TABLE 8
Sample 
Number
WB-DK.
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-DK-
WB-KF-
WB-KF-
WB-KF
WB-KF-
WB-KF-
WB-KF-
WB-KF-
WB-KF-
WB-KF-
WB-KF-
WB-KF-
WB-KF-
WB-KF-
WB-KF-
Rock
Type
OOIA
OÜIB
002
003
004
005
006 
007 
•008A 
-009A 
-009B 
-009C 
009D 
009E 
009F 
■009G 
-009H 
010 
011 
OllB 
012 
013 
013A 
013B 
■013C 
013E 
-014 
-015A 
-015B 
-015C 
-016 
-017A 
-017B 
-017C 
-017D 
-017E 
017F 
017F 
018 
-019
Pink granite 
Biotite  schist 
Grey gneiss 
Pink granite 
Felsic volcanics 
Felsic volcanics 
Hbl, bio schist 
Felsic volcanics 
Qtz pegmatite 
Greenstone 
Greenstone 
Greenstone 
Contact 
Aplite  
Granite 
Pink granite 
Altered greenstone 
Metasedimentary rock 
Greenstone 
Greenstone 
Greenstone 
Greenstone 
Bio, hbl gneiss 
Granodiorite 
Felsic contact 
Pink granite 
Granodiorite 
Granodiorite 
Basalt dike 
Contact 
Granite
Granodiorite, foliated  
Basalt dike 
Basalt dike 
Contact aureole 
Granite
Fine, a lka li feldspar 
Coarse, alkal i  feldspar 
Di orite  
Greenstone
Traverse
Location
Dryden-Kenora
Kenora-Fort Frances
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TABLE 8
Sample Rock Traverse
Number Type Locati on
WB-KF-020 Metasedimentary rock Kenora-Fort Frances
WB-KF-021 Metasedimentary rock
WB-KF-022A Aplite dike II
WB-KF-022B Greenstone II
WB-KF-023 Di o r ite ,  foliated II
WB-KF-024 Volcanic flow II
WB-KF-025 Quartzite II
WB-KF-026 Greenstone II
WB-KF-027 Greenstone II
WB-KF-028 Greenstone II
WB-KF-029 Greenstone II
WB-KF-030A Greenstone II
WB-KF-030B Greenstone II
WB-KF-031 Greenstone II
WB-KF-032 Greenstone II
WB-KF-033 Norite II
WB-KF-034 Greenstone II
WB-KF-035 Greenstone II
WB-KF-036 Greenstone II
WB-KF-037A Greenstone II
WB-KF-037B Granodiorite II
WB-KF-038 Amphi bolite II
WB-KF-039 Altered greenstone II
WB-KF-040A Greenstone II
WB-KF-040B Norite II
WB-KF-041A Greenstone II
WB-KF-041B Greenstone II
WB-KF-042 Foliated granodiorite II
WB-KF-043 Metasedimentary rocks II
WB-KF-044 Metasedimentary rocks II
WB-KF-045 Metasedimentary rocks II
WB-DK-046 Metasedimentary rocks Dryden-Kenora
WB-DF-048 Greenstone Dryden-Fort Frances
WB-DF-049 Greenstone II
WB-DF-050 Granodiorite II
WB-DF-051 Granodiorite II
WB-DF-052 Amphi bolite II
WB-DF-053 Amphi bolite II
WB-DF-054A Greenstone
WB-DF-054B Amphi bol ite
WB-DF-055 Greenstone "
WB-DF-056 Greenstone II
WB-DF-057 Altered Greenstone II
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TABLE 8
Sample Rock
Number Type
WB-DF-058 MyIonite
WB-DF-059 Greenstone
WB-DF-060 Pink granite
WB-DF-061 Greenstone
WB-DF-062 Greenstone
WB-DF-063 Amphi bol ite
WB-DF-064 Amphi bolite
WB-DF-065 Amphi bolite
WB-DF-066 Greenstone
WB-DF-067 Greenstone
WB-DF-068 Greenstone
WB-DF-069 Greenstone
WB-DF-070 Greenstone
WB-DF-071A Metasedimentary rocks
WB-DF-071B Metasedimentary rocks
WB-RL-073A D iorite , foliated
WB-RL-073B Quartz d iorite
WB-KF-074A Alkali gabbro
WB-KF-074B Alkali gabbro
WB-KF-074C Alkali diabase
WB-DF-075 Mafic syenite
WB-RL-076 Basalt dike, altered
WB-DF-077 Metasedimentary rocks
WB-DK-078 Syenite
WB-KL-101 Pyrclastic breccia
WB-KL-102 Ducitic l a p i l l i  tu ff
WB-KL-103 Ducite tu ff
WB-KL-104 Gabbro
WB-KL-105 Gabbro
WB-KL-106 Peri dotite
WB-KL-107 Leucogabbro
WB-KL-108 Clinopyroxenit
WB-KL-109 Gabbro
WB-KL-110 Chert
WB-KL-111 Amphi bolite
WB-KL-112 Gabbro
WB-KL-113 Pyroclastic breccia
WB-KL-114 Gabbro
WB-KL-115 Gabbro
WB-KL-116 Leucogranite
WB-KL-117 Peridotite
WB-KL-118 Diorite
Traverse
Location
Dryden-Fort Frances
Rainy Lake
II
Kenora-Fort Frances
Dryden-Fort Frances 
Rainy Lake 
Dryden-Fort Frances 
Dryden-Kenora 
Kakagi Lake
APPENDIX 4
Geochronological Techniques
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APPENDIX 4 
GEOCHRONOLOGICAL TECHNIQUES
Common Pb/Pb Method
1. Extract in terior piece of 1 kilogram hand sample*
2. Grind in terio r piece in tungstun carbide ball mill to >100 
mesh.
3. Clean ball mill with high-purity Si and keep as a blank,
4. Take a 1 gm aliquot.
5. Dissolve in 50:50 HP: perchloric mix, weigh rock and
beaker and solution.
6. Take to dryness 1ml HP,
then 1ml HP + perchloric (twice)
then 1ml n it r ic  + perchloric
then 1ml n it r ic
take residue up in IN n it r ic  acid, place in a tared bottle
make up concentration of approximately lOmg/ml.
7. Split this into two aliquots
-run one as is for isotopic composition 
-spike other and run for Pb concentration.
8. Take each sp lit  to dryness 
then 1ml HBr (twice)
then take up in IN HBr.
9. Prepare anion exchange column by washing with 9N HCl, then
HgO, then IN HBr, add sample (Pb will hang up due to
large portion in e f f ic ie n t) .
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10. Wash through with 3 parts IN HBr, then two parts 1.5N HCl 
discard both.
11. Wash through with 3-4 parts concentrated HCl catching in 
electrolyte vial .
12. Electroplate Pb on the anode.
13. Wash Pb off anode with multiple washings of 1.5N HCl.
14. Add 5 of phosphoric acid and place in spectrometer.
6 whole-rock samples were run and 2 Si-blanks + 2 isotopic 
standards.
3 sulphides samples were run + 2 Si-blanks + 2 isotopic 
standards.
All work was done in a clean room to decrease environmental con­
tamination, and labware.
All high-purity reagents to eliminate contamination.
Nd/Sm method:
Followed outlined procedure from DePaolo (1978), Appendix 2.
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